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ABSTRACT 
Optimising Services Design(OSD) is a methodology that 
optimises the service provision to Sites and Service schemes 
by adoption of combinations of high and low standard service 
options at the outset, as an alternative to a wholly low 
standard of provision. OSD therefore determines if cost 
reductions, with respect to overall service cost can thus be 
achieved with the adoption of such service levels. 
Optimisation is accomplished through the investigation of 
the relationship between the following parameters plot 
size, plot shape, land cost, technology choice and site 
layout. 
OSD focuses on the process of optimisation across the 
service reserve widths rather than optimisation of the 
service option network lengths. As a consequence of this, 
the physical and technical interactions between the service 
options becomes an important consideration. Therefore the 
service sectors - sewerage, water supply, roads and access, 
drainage and power supply, are considered collectively in 
OSD to enable consideration of such interactions. Thus 
account can be taken of the trade-offs between the cost of 
the service land, the option capital cost, operation and 
maintenance of the options, service option upgrading and the 
physical and technical interaction between the service 
options. 
To investigate the cost trade-offs in the above parameters 
an Infrastructure Model(IM) was created. This computer based 
model rapidly produced output data on the overall service 
costs due to the adoption of alternative service options. 
Thus from the analysis of the IM results, optimisation of 
the service provision was therefore possible through the 
identification of particular high standard service options 
that could be provided at reduced overall service cost. 
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CHAPTER 1 
INFRASTRUCTURE PROVISION and 
THE URBAN STRUCTURE 
1.1 Introduction 
In the past few decades rapid expansion of the cities 
of the developing world has exacerbated the pressures on 
limited city resources. These cities, characterised by 
extensive low income communities, have not kept pace with 
the demand for housing and basic services. Thus the result 
of this overwhelming demand are many insuperable problems 
facing municipal authorities. In particular the lack of 
financial resources is prevalent, thus restricting much 
needed action. 
This research project therefore attempts to ameliorate 
some of the problems, by investigating if the costs for the 
provision of physical infrastructure can be reduced. 
1.2 Historical View of Low Income Settlements 
The main stream of migration to the cities in 
developing countries commenced in the 1950's. Limited 
investment in the rural areas and the vagaries of the World 
markets on export crops depressed the living standards of 
those working on the land. Thus a disparity of incomes 
between the urban and rural areas rapidly developed, 
spurring rural to urban migration. 
The opportunites of employment, access to education, health 
and welfare facilities attracted many to the cities. As a 
result cities universally experienced rapidly expanding 
populations. Towards the present day the migration now 
includes urban-urban migration, again in the search for 
better opportunities and thus adding to the problem. 
From 1950 to 1980 the urban population in developing 
countries rose from 300 to 1000 millions. By the year 2025 
it is expected that 4000 million(UNCHS 1982} people will 
be urbanites of developing countries. (Table 1.1} 
Table 1.1 
I Urban populations in developed I 
I and developing countries. I 
1--------------------------------1 
I year population(millions} I 
I developed developing I 
1--------------------------------1 
I I 
I 1950 447 287 I 
I 1980 798 966 I 
I 2010 1011 2612 I 
I 2050 1087 3845 I 
I I 
adapted from(UNDIESA 1980} 
Though the figures for the urban population show a huge 
increase over the years, it is important to consider the 
scale of such within the global perspective. If we assume 
the total population of the World at present to be 5000 
million and that if each person stood side by side, each in 
an area of one square metre, then the total area required 
would be only 44 miles square. Thus the root of the problem 
is not that there are too many people in the World, but the 
services that we require are centralised in cities. 
Therefore to gain access to these services people must live 
within range of such and thus the pressure on the city 
occurs. 
The 
tending 
annum by 
Table 1.2 
annual population growth for developing regions 
to drop and is expected to be at around 2.8% 
the year 2025. (Table 1.2) 
Annual average urban population growth rate 
4 
% 3 
2 
1 
0 --------------------------------------------------
1970 80 90 2000 
year 
10 20 30 
is 
per 
adapted from(UNCHS 1980) . 
Though the growth rate is falling, the yearly numerical 
increase in urban populations is adding significantly to the 
total populace. Therefore with the present and steadily 
increasing demand for housing and other services the result 
is the widespread creation of slum and squatter settlements, 
as people take the initiative to satisfy their own needs. 
In almost every city in developing countries, slum and 
squatter settlements can be found. The extent of the 
settlements can be immense, consisting of a large portion of 
the city proper. The types of settlement are very diverse 
and include floating settlements, settlements on refuse, 
roof and street dwellers, squatter setlements on invaded 
land and inner city slums. Each of these types of 
settlements were created to serve the needs of the 
inhabitants and each has its own set of socio-economic 
characteristics. Many have thus become monuments to people's 
endeavours to provide shelter. The Walled City of Kowloon, 
Hong Kong is a notable example. 
The populations in these settlements range from 
30 to 80% of the city population. (Table 1.3). 
2. 
around 
Their 
internal growth rates are somewhat higher than the city 
rates and can reach 8% in cases (UNCHS 1981). The 
consequence of this rate is the doubling of the settlement 
population around every ten years. 
TABLE 1.3. 
Estimate of % of city populations in 
informal settlements in 1980 (Millions) I 
-----------------------------------------1 
City Total Informal % I 
I Population Settlements I 
1------------------------------------------l 
I Bogota 5.493 3.241 59 I 
I Lusaka 0.791 0.396 50 I 
1 Manila 5.664 2.666 40 I 
I Karachi 5.005 1.852 37 I 
I Lima 4.682 1.545 33 I 
adapted from(UNDIESA 1980) 
There are a number of common features of these 
settlements. 
The population comes from varying social and ecomomic 
backgrounds rather than as one may expect, the majority 
coming from the rural poor. The full range of educational 
backgrounds can occur, from those only equipped for menial 
tasks to those who are well educated and seeking white-
collar employment. Thus these settlements can contain very 
able groups with a high degree of social and econom~c 
mobility. However conventional employment in the cities is 
generally scarce. Unemployment and underemployment is 
common, thus most opportunities occur in the informal 
sector. 
The populations ordinarily make up the poorer fifty per 
cent of the income groups(UNCHS 1985). Once the household 
budget has accounted for food and other essentials there is 
little left to spend on shelter and infrastructure services. 
Based on information in a recent World Bank report in 1989, 
an approximate estimate of $140 per year is what the urban 
poor can afford to pay for both housing and infrastructure 
services. 
The lack of infrastructure services is another common 
feature. The non-existence of adequate drainage, solid waste 
disposal, sanitation and water services evokes an unhealthy 
environment. This lack of services has serious repercussions 
on the quality of life of the community. Poor health is an 
obvious result of such deficiencies. Since health is 
inextricably linked to the social and economic development 
of the community, this too will also suffer. These problems 
are also compounded by high population densities and in many 
cases the settlements being constructed on physically 
inferior sites. 
Past attempts by governments to resolve the problems of 
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housing these groups led to a number of grandiose schemes. 
In the main these schemes failed due to the ignorance of 
the Authorities of the real needs of the community. Their 
response in the early 1950's was to construct conventional 
public housing schemes with expensive infrastructure. These 
schemes were naturally unaffordable to the concerned 
populace. Thus to satisfy their own needs at affordable 
levels, squatting and slum occupation occurred in the 
cities. 
The eventual response of the Authorities to this was slum 
clearance and relocation to prepared sites on the periphery 
of the city. However, even though the Authorities made an 
attempt to make these sites affordable the inhabitants in 
many cases were removed from the locale of their employment. 
The consequence of this policy was a return to the former 
settlements or occupation of new areas of the city. 
In 1970 the Indian Government successfully implemented a 
programme of slum upgrading to benefit almost 2 million 
inhabitants.(Miah A.Q.Md.,et al 1988) This success was the 
advent of serious consideration for slum improvement as an 
effective alternative to wholesale slum clearance and 
dweller relocation. In the same era another alternative re-
emerged and became a popular solution for many authorities, 
namely the Sites and Service approach. Both of these 
solutions have been tried extensively in many forms 
throughout the developing world in the past few decades with 
varying degrees of success. The present consensus is that 
Sites and Services are still unaffordable to many and are 
attractive to the higher income groups. Site upgrading 
appears to presently benefit those most in need. 
1.3 Slum Upgrading and Sites and Seryice Anproach 
The concepts of Slum Upgrading and Sites and Service 
have no precise meaning of what is involved in each. (van der 
Linden J. 1986). From the point of view of physical 
infrastructure provision it is sufficient to say that slum 
upgrading is the improvement of an existing settlement that 
has evolved without any formal planning controls. Sites and 
Services is the provision of servicable plots that are 
available on a formally planned site. 
The provision of infrastructure to both Sites and 
Service and Site Upgrading encounter common constraints. 
The first of these relates to technological aspects. 
Expensive technology service options were commonly adopted 
in many past schemes. These options include sewers, house 
connection water supplies and lined storm drains. The costs 
for these options in terms of capital, operation and 
maintenance costs resulted in unaffordable solutions. The 
adoption of such options occured through either non-
appreciation of low cost alternatives, compliance to 
inappropriate building standards, political interference or 
a combination of such. A review of fourteen Asian cities 
and four World Bank studies of Site and Service schemes 
revealed that the infrastructure standards were very 
high.(SwanP.J.,etal1983) The technology required to 
satisfy these high standards is exorbitantly expensive in 
relative terms to the affordabilty of the beneficiaries thus 
making any attempt at cost recovery a non starter. 
Community Participation in identifying community needs 
and in terms of sharing some of the responsibilities for 
procuring appropriate infrastructure services has also been 
repeatedly neglected by the authorities. Overlooking this 
important input will negate identification of the real 
needs of the community, leading mainly to frustration of the 
project or at worse complete failure. These missed inputs 
include participation in identification, planning, design, 
implementation, operation and maintenance of the procurement 
cycle. Many of the low cost technologies are fundamentally 
suitable for community participation in maintenance and 
operation. Encouraging select community inputs will be 
reflected most clearly in the reduction of the financial 
burden the authorites will have to bear. 
The second constraint involves the institutional 
structures to support development of the settlements. These 
structures are usually very complex, deficient or both. The 
past response of government was to regard these settlements 
as low priority compared to the needs of the City proper. 
The whole institutional structure has not been able to 
readily react to the challenges or the rapid changes of the 
dynamic modern city. Therefore any intervention that has 
occurred has been on a one-off project approach rather than 
repetitive or one coalesing into a national programme. 
A common feature of the institutional structure is that in 
any project there maybe a number of competing government 
departments, with the result that no single department has 
overall responsibility. Also the departments are usually 
characterised by the lack of trained personnel or personnel 
that find it difficult to adjust to the approaches required 
for successful implementation of improvements to low income 
settlements. 
Inadequate operation and maintenance is another aspect 
that has led to failure of many well intentioned schemes. 
Without a sufficient strategy or allocation of resources for 
operation and maintenance the infrastructure will rapidly 
fall into dis-repair. This puts an added burden on other 
operational services and ultimately leads to premature 
failure of the whole system. The result is the consequential 
loss of benefit to the community and a waste of already 
scare resources. 
The final constraints to the provision of services are 
the aspects of finance and affordability. 
Financing the provision of services for low income 
settlements should ideally be sustained with contributions 
from the beneficaries at levels to enable further projects 
to be undertaken. To achieve such financial autonomy, cost 
recovery becomes an important facet of the financial 
package. 
Recovery of costs is generally simpler with Sites and 
Services as the costs of the infrastructure can be included 
in the cost of the plot. With Site upgrading however, 
recovery is somewhat difficult to enforce. The authorities 
are usually reluctant to provide services to already 
existing settlements where the residents do not hold rights 
to the land, since they could not force the residents to pay 
charges for any provided services. 
Linked inextricably to cost recovery is the choice of 
technology options and if the beneficaries can afford such 
options. The general aim is to adopt technology options that 
are affordable to the lower income groups without external 
subsidy. Those that can afford the expensive options can 
then upgrade as appropriate to suit their needs. However if 
the levels are set too high many of the lower income groups 
will eventually default on payments. Thus any benefits 
accrued to the lower income groups will be relinquished to 
higher income groups. To set a balance on the costs required 
to be recovered it is usual practice to include a wide range 
of income groups in a project. This enables cross-
subsidisation to occur and thus a better chance of project 
survival. 
Over the past few decades the Sites and Services and Slum 
Upgrading approaches to solving the problem have been 
promoted with varying degrees of success. There is still 
however much to be understood by the Academics, Authorities 
and the Beneficiaries alike if a successful and 
comprehensive approach is to be achieved. 
CHAPTER 2 
THESIS PRINCIPLES and PURPOSE 
2.1 Intro&Jctlon 
The topics for consideration in the design and 
provision of services for low income communities include 
cultural, socio-economic, financial, physical, and 
topographical aspects. Ultimately it will be the benefits 
and the cost to the community of providing such benefits 
that will be the most important factor to be satisfied. 
urban communities are generally well aware of what they 
require in terms of infrastructure services - it is how to 
attain such at an affordable cost that presents 
difficulties. Thus directing the research in this area was 
deemed relevant and where the most impact could be made. 
From the reading of the subject literature it was clear 
that this area of the provision required attention. Reducing 
the servicing costs traditionally meant that lower levels of 
service were initially adopted. At a later date these levels 
would be upgraded through Intermediate to Ultimate service 
levels. (for service level definition see section 2.2). To 
obtain an optimised solutions within each of these service 
levels is not difficult, particularly where each service 
option is assigned its appropriate service level. i.e. low 
level service options at the Primary stage and high level 
service options at the Ultimate stage. A limited number of 
appropriate technology service options are therefore 
available within each service level to satisfy varying 
project parameters. Identification of suitable options is 
therefore relatively easy and adoption of these options will 
generally result in an affordable solution. However the full 
scope of the benefits are not generally available with lower 
levels of service. Higher service levels must be sought to 
attract higher income groups, but at reduced cost, as not to 
exclude the lower income groups. 
2.2 Seryjcjng Principles 
Incremental Upgrading 
Throughout the history of the provision of services, 
numerous cases can be observed where the cost for the 
provision exceeds what the beneficiaries can afford to pay. 
The present approach being widely adopted to partly overcome 
such a cost problem is Incremental Upgrading of the service 
provision. This method involves in the initial stages of a 
project, the use of technology service options that are 
constructed with low cost materials, readily understood and 
easily maintained and operated. Upgrading of these options 
to more sophisticated options can then be undertaken when it 
becomes affordable. 
An example of this in the sanitation sector could be to 
install pour flush latrines with soakaways and later to 
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replace the soakaways with a sewerage system, connecting the 
pour flush pan to the sewer. Upgrading in the water supply 
sector could involve extending the reticulation system of a 
communal standpost to provide house connections. 
Though Incremental Upgrading is an effective approach to 
controlling the servicing costs, its role in this research 
becomes secondary, as described later. 
Service Levels 
Service levels signify points in the sequence of 
Incremental Upgrading where more sophisticated options are 
substituted for the existing ones or where existing system 
expansion is undertaken. Three service levels are normally 
defined, being Primary, Intermediate and Ultimate. 
Primary level is the minimum provision that should be 
available and affordable to everyone, to fufill health and 
social requirements. Examples of service options generally 
adopted for this service level would be Pit or Pour Flush 
Latrines, Earth drains and Communal Standpost water 
supplies. In this study these service options are termed 
'low level' service options. 
Upgrading to Intermediate service levels will involve only 
a number of service options - upgrading of most service 
options will involve a step from Primary to Ultimate service 
level. An example of upgrading to the Intermediate service 
level is to upgrade from a communal latrine to individual 
house latrines. Intermediate levels can be instigated by 
the community when desired and when they become affordable. 
The Ultimate service level is the last stage in any 
improvement and service options such as sewers, surfaced 
roads and house connection water supplies are commonly 
adopted at this level. These options are termed 'high level' 
service options. 
It should be noted that defining these service levels does 
not infer that only 'low level' service options must occur 
at the Primary service level. For example, lined storm 
drains, classified as a 'high level' service option, may 
occur at the Primary level of service, to satisfy 
requirements of the option interactions as described 
forthwith. 
Option Interactions 
Linked inextricably with service levels and incremental 
upgrading is the interaction between the service options. 
The interactions are defined as the technical and physical 
inter-relationships that occur when a series of options from 
each service sector are adopted in a servicing scheme. The 
technical interactions detail the option technical 
compatibility with other service sector options. The 
physical interactions define the changes in physical space 
and physical compatibility between the options. This is best 
demonstrated by with a simple example of a sullage disposal 
problem created in an existing settlement. 
The proposed upgrading of the sanitation sector results 
in a necessary increase in the water supply (technical 
interaction). The increased availability of water in turn 
causes a sullage disposal problem. To dispose of the 
sullage, the solution is either to upgrade the existing 
sanitation system to sewers or to line the storm drains. 
Lining the storm drains will require the adjoining road to 
be surfaced ( physical interaction - an unmaintained and 
non-surfaced road would erode to below the lip of the lined 
drain) . Alternatively, introducing sewers may involve extra 
service reserves (space interaction). 
This problem demonstrates that whatever solution is chosen 
there will be repercussions on each chosen service option 
due to the interactions. The effects of this will clearly be 
reflected in the servicing costs. 
2.3 Objective 
In the past twenty years of popular use of the Sites and 
Service and Site Upgrading concepts, the problems of 
successful adoption of these complex approaches have been 
readily identified. This is particularly the case in the 
field of physical infrastructure provision. However a major 
problem still requires to be resolved. This is the reduction 
in the costs for the service provision(Payne G.K 1984). 
Hence the directive of this research study. 
As mentioned previously Incremental Upgrading is used to 
reduce the servicing costs to levels that are affordable by 
the beneficiaries. This study extends beyond this concept by 
attempting to introduce a combination of low and high levels 
of service provision at the outset. The aim is to include 
such high service levels with a reduction in the servicing 
costs by accounting for factors that will be described 
later. 
Therefore the objective of this research study is; 
through a process of optimisation, determine if 
combination(s) of high and low level service options 
can be adopted at the outset and at reduced servicing cost. 
2.4 Hypothesis 
The servicing costs for the provision of physical 
infrastructure that require consideration in this study are 
the on-site servicing costs. These include capital, 
replacement, land costs for the service reserves and 
operation and maintenance costs over the project term. 
However in particular circumstances some off-site service 
costs and the costs for upgrading the service provision are 
to be included, as discussed later. These costs constitute 
the overall servicing cost. It is this overall servicing 
cost that will be the study focus and will determine the 
outcome of the optimisation process. 
The on-site servicing cost consists of two main cost groups 
viz; on-plot costs and the costs associated with the 
service networks. On-plot costs are marginally affected by 
the site layout, however, the site layout influence on the 
network costs is extensive. 
Consider the service network costs. If the site layout 
9 
is physically optimised in terms of its network lengths, 
consideration must then be given to optimising the network 
access widths. This can be achieved by consideration of 
alternative service options with their appropriate land 
reserves. The servicing cost can then be determined for 
providing such alternative service options, associated on-
plot services and an assessment undertaken on whether a cost 
reduction in the overall servicing cost is achievable. 
When an alternative high level service option is 
introduced changes may occur in the servicing costs due to 
the following; 
1) The service reserve width maybe reduced 
consequential reduction in the cost of 
reserve. This will be particularly noticable 
land cost is high. 
with a 
the land 
where the 
2) The capital cost for providing a high level service 
option will normally increase. However the operation 
and maintenance costs maybe reduced. 
3) Changes may also occur within other service sectors. 
i.e. the result of the alternative service option 
interaction{s) may mean that a previously chosen high 
level service option may change to a low service level 
option. e.g. earth drains as opposed to lined drains, 
as a result of adopting sewers as an alternative to 
pit latrines. 
The drainage example in Table 2.1 illustrates the concept. 
Table 2.1 Drainage Example 
I Interaction costs 
I Drain I Reserve I Capital I O&M I Access I Sanitation! 
I type I cost I cost I cost I cost I cost 1 
1-------------------------------------------------------l 
I I I I I I I 
I LINED I low I high I low I high I low I 
I I I I I I I 
1-------------------------------------------------------l 
I I I I I I I 
I EARTH I high I low I high I low I high I 
I I I I I I I 
Notes: 
1) all costs are comparative between each drain type 
2) Surfaced access roads with lined drains. Earth 
roads with earth drains. 
3) Pit latrines with lined drains,sullage to lined 
drains. Sewers with earth drains, sullage to 
sewers. 
The following hypothesis has thus been formulated; 
/o 
Through the process of optimisinq the service proyision, can 
high leyel seryice optionlsl he introduced at the outset and 
at reduced overall cost r by trading off between the seryice 
land r capital r operation and maintenance cost and accounting 
for the option interactions ? 
To investigate this hypothesis an optimisation process was 
created. 
2.5 Optjmising Services Design 
Optimising Services Design (OSD) is a methodology that 
applies at the Primary service level, alternative service 
options to any particular servicing problem. This enables 
trade-offs to occur between capital, operation, maintenance 
and land costs. 
The function of OSD is to carry out optimisation 
in terms of the cost for the service provision. The analysis 
will involve the determination of the overall servicing cost 
in the form of 'Total Annual Cost per Plot' (TACP). This is 
obtained by amortising the present value life cycle costs 
over a period of time, that is the present value of the 
capital, operation and maintenace cost for the provsion of 
the services over the project term. 
Total Annual Cost per Plot in this case does not mean the 
total cost expected to be paid by each plot to cover the 
costs of the whole development. i.e the costs for any 
social amenities and the cost for the land for such, or the 
any of the service sectors that have no effect on the costs 
of other sectors are not accounted for. OSD is concerned in 
determining if a cost of a particular service option has 
implications on the selection of option in other sectors and 
on the resulting costs for such selections. 
Optimisation of the service sectors is undertaken on a 
collective basis, to account for the changes in the 
appropriate land reserves and for the resultant interactions 
between the service options. 
For particular layouts, as described in Chap 4. 0, OSD will 
start the process by determining the servicing cost for a 
wholly low level service provision. this is termed the 
Initial service provision. The servicing cost will then be 
determined for substituting a high level service option for 
each of the service sectors in turn and collectively. This 
substitution is termed Alternative service provision. 
The servicing cost taken into account will be the capital, 
operation, maintenance and the land costs for the provided 
services. In addition the costs for upgrading the provided 
services, as detailed below, will be accounted for. The 
total of all these service costs will result in the overall 
servicing cost. 
A crucial factor to note here is that the service reserves 
will alter with the choice of the alternative service option 
and that other service options in the chosen range may also 
change to satisfy the option interactions. Therefore 
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applying the alternative service option is not Upgrading in 
any form. Upgrading will however be undertaken on any of the 
service sectors where an alternative service option has not 
been applied. For example, consider the following where an 
alternative service option in the sanitation service sector 
is applied. That is, substituting a sewer for a pit latrine 
and accounting for the resulting changes in water supply and 
sullage due to the option interactions. 
Service >> EEIMliE:i 
Level 
Service >> Initial > Alternative 
Provision 
Service Sector I 
I 
Sanitation I Pit > Sewer 
I Latrine 
I 
Water supply I Communal > *House 
I Standpost Connection 
I 
Storm Drainage I Earth > Earth 
I Drains Drains 
I 
Sullage I Soakpit > *(sullage 
to sewer) 
Servicing cost# = A B 
* - change in service option due to option interactions 
caused by adoption of a sewer. 
# - Capital + O&M over the project term+ service land cost. 
The servicing cost A is for wholly low level service options 
while B is for a combination of low and high options. 
Therefore for a valid comparison of provision to a common 
service level, i.e. the Ultimate service level in this case, 
the costs for upgrading to this level is required for both 
the initial and the alternative provision. 
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Hence; 
1) Initial provision upgraded 
Service Level>> Primary > Ultimate 
Service Sectorl 
Sanitation Pit > Sewer 
Latrine 
Water supply Conununal > House 
Standpost Connection 
Storm Drainage! Earth > Lined 
Drains Drains 
Sullage Soakpit > {sullage 
to sewer) 
Servicing cost# = A A' 
# - Capital + O&M over the project term+ service land cost. 
2) Alternative provision upgraded 
Service Level>> 
Service Sectorl 
Sanitation 
Water supply 
Storm Drainage! 
Sullage 
#Servicing cost = 
Primary > Ultimate 
Sewer 
House 
Connection 
Earth 
Drains 
{sullage 
to sewer) 
B 
> Lined 
Drains 
B' 
# - Capital + O&M over the project term+ service land cost. 
Therefore the Upgrading costs A' and B' are added to the 
respective Primary servicing costs A and B to give the 
overall servicing costs for the initial and alternative 
provision. 
In the above, the upgrading costs A' and B' only include for 
the capital cost of the option at the Ultimate service level 
/'!> 
and do not account for the operation and maintenance beyond 
the year of upgrading. The cost of O&M beyond the upgrading 
year, 20 years in this case, has little significance on the 
servicing costs due to the effects of discounting over such 
a term. 
OSD can now begin by substituting each of the service 
sectors with a higher level of service provision, both 
individually and collectively. The overall serv~c~ng cost 
will then be determined for each of these alternatives. OSD 
will therefore identify if savings can be achieved in the 
overall servicing cost. 
To perform this optimisation function an Infrastructure 
model(IM) was compiled. Brief details of the model are given 
in Chap 4.0. 
2.6 Scope 
The first phase of the research was to define the 
optimisation processes and then develop a model for the 
analysis and optimisation of servicing alternatives. This 
was followed by setting the framework for the particular 
analysis of this study and by adopting the optimisation 
process, proceed to determine where cost reductions in the 
servicing costs could be gained. 
Optimisation Process 
The service sectors studied in the research were 
Sanitation, Water supply, Storm Drainage, Roads and Access 
and Power supply. Ground preparation and Solid waste 
collection were not taken into account as the costs cannot 
be identified because this is site-specific. 
OSD is undertaken on the Sites and Service concept as 
these layouts are amenable to numerical modelling. Slum 
upgrading is difficult to model. The layout configuration is 
fixed therefore land trade offs cannot occur and in any case 
the required OSD parameters for Slum Upgrading are site 
specific. Therefore the application of OSD to Slum Upgrading 
is limited. However some of the OSD principles and 
conclusions drawn from this study may be applicable to Slum 
Upgrading. 
An important source of information for the development 
of the optimisation processes was the existing literature. A 
comprehensive search was undertaken to determine the 
following; 
1) the extent of the problem of servicing urban low income 
settlements as a whole. 
2) to identify material on the provision and 
reduction of services. 
/4 
cost 
3) to identify any material relative to compiling the 
optimisation process. 
4) to identify any material relative to proving the 
hypothesis. 
The search specifically included determining the following; 
a) appropriate technology service options. 
b) upgrading sequences for such options. 
c) technical and physical interactions between the 
service options. 
d) servicing concepts and theories related to the 
provision of services. 
In addition, several past investigations were perused to 
determine the present consensus on the subject. 
For the optimisation process a number of sector models 
were developed, one for each of the service sectors under 
consideration. These models were created on the LOTUS 
spreadsheet for ease of assembly. When compiled they enabled 
the servicing costs associated with the servicing problems 
to be readily determined, taking into account the effects of 
the variations in site layout, service options and 
upgrading. 
Developing the Framework for the Analysis 
For the analysis a unique servicing situation was 
created. This framework, as far as possible, emulated an 
actual servicing situation. A number of basic parameters 
were set into the model and included the plot size, plot 
ratio and layout configuration. A series of alternative 
service option combinations were developed. These were all 
set such that the fundamental principles relating to the 
hypothesis could be easily identified and analysed. 
The framework for the analysis is virtual and therefore 
no cost base exists. To overcome this constraint the 
research adopted a cost base from a number of geographical 
areas. These areas were Africa, Far East and the Indian sub 
continent. Selection of these areas was to ensure that a 
widespread coverage of different costs could be analysed. 
With a compiled framework for the analysis, the 
consequences on the overall servicing costs were determined 
for various combinations of service option alternatives. The 
investigation was undertaken such that the costs for the 
provided service provision and those for the upgrading were 
determine seperately. This was to ensure that any pertinent 
factors could be readily identified in the servicing costs, 
particularly as the main changes in the servicing costs will 
occur at the Primary service level. 
CHAPTER 3 
INDENTIFICATION OF SERVICING 
CONCEPTS and ELEMENTS 
3.1 Literature Search 
A literature search was undertaken to establish the 
extent of the problem in terms of concepts, theories and 
ideologies. The search was pursued under three headings viz; 
general review of the provision of infrastructure to low 
income settlements, indentification of elements for the OSD 
process and review of previous related studies. 
The search included sources at home and overseas involving 
resource centres, libraries, consulting engineers, 
international agencies, government departments and 
development banks. To ensure comprehensive subject coverage, 
computer searches of databases and manual searches of 
abstracts were also accomplished. The resource types 
included papers in professional journals, conference 
proceedings, standard reference books, government 
publications, project documents and reports. The quantitive 
result of the search produced 340 prime references (Franceys 
R.,Cotton A., Hedderly L. 1990) of which a select number 
were utilised for this study. 
General Review 
The object of this general review is to define the 
concepts and parameters that pertain to the provision of 
infrastructure services. In particular to coalesce the 
current ideology on reducing the on-site servicing costs. 
The following statements were contrived to describe the 
basic ideas and thinking on the reduction of the on-site 
servicing costs. 
The statements fall into two broad categories: 
1) Planning and Design aspects 
a) 'The design of the site layout and the service 
provision have to be considered as a coherent 
exercise, to take full advantage of cost savings and 
to enable a positive assessment of viable servicing 
alternatives'. 
(Carrel A.,Bertaud M-A. 1986) (Davidson F.,Payne G. 
1983) (Payne G.K.,et al 1984) 
b) 'The primary requirement of optimisation of the 
lf.o 
service design depends upon the rigorous analysis of 
the service/site layout. This can be partly achieved 
through minimisation of the circulation network 
length'. 
(CSIR 1988) (Caminos H.,Goethert R. 1976) (UNCHS 1977). 
2) Technological aspects 
a) 'The use of appropriate service technologies is a 
strategy to increase service coverage and reduce 
costs'. 
(UNCHS 1984) (Payne G.K.,et al 1984) (UNCHS 1977) 
(UNCHS 1986) (Indian Human Settlements Programme 1988) 
b) 'High standards of provision as a whole, lead to 
costly and unsustainable levels of service and 
restrict any meaningful optimisation'. 
(Payne G.K.,et al 1984) (World Bank 1984) (UNCHS 
1986) (Bijilani H.U.,et al no date) (Indian Human 
Settlements Programme 1988). 
c) 'Incremental upgrading, consistent with the socio-
economic development of the community, will result in 
reduced servicing costs'. 
(Davidson F., Payne G. 1983) (Payne G.K.,et al 1984) 
(World Bank 1974) (Bamberger M. 1982) (UNCHS 1986). 
d) 'Comprehensive operation and maintenance systems are 
implicit in the reduction of servicing costs'. 
(Payne G.K. et al 1984) (UNCHS 1986). 
e) 'Community inputs, particularly in operation and 
maintenance are important in reducing the servicing 
costs'. 
(UNCHS 1984) (Payne G.K.,et al 1984) (UNCHS 1986) 
(UNESCAP 1984) (UNCHS 1983) (Indian Human Settlements 
Programme 1988). 
From the foregoing aspects there are a number of 
basic concepts that require consideration which 
reflect the fundamental philosophy in the OSD process. 
a) Minimisation of the circulation network. 
Most service networks follow the line of the 
circulation layout and hence are located in public 
land. Minimising the length of the circulation 
network will therefore reduce the service network 
lengths. 
There is however a variation on services in public 
land - that is services in private land, which will 
normally not involve the circulation network. An 
example of this is Reduced Cost 
Sewers(shallow/small bore sewers). The upper 
reaches of these sewers are built normally in the 
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back yards of the plots. Therefore optimising their 
length is a function of the housing layout rather 
than a circulation problem. 
Coupled with the reduction of the circulation 
network length is the reduction of physical access 
widths. Choosing access widths over and above that 
presently required, or for that of future needs 
will have significant impact on the housing density 
and likewise on the servicing costs. In the event 
of grossly oversized access widths the community in 
response will find other uses for the excess space. 
The 'Urbanisation Primer' 'Standards of 
Performance Criteria' (Caminos H.,Goethert R. 1976) 
provides a good guide to developing an optimised 
layout in terms of circulation and land usage. 
b) Restricting the plot widths. 
The narrower the plot width the less of the service 
network length is relatively attributable to the 
plot. 
There is an important point to consider here, 
particularly with the linear type layout. With a 
reduction in the plot width, an accompanying 
increase in the plot depth occurs. Thus for a fixed 
plot area there is a consequential increase in the 
attributable network length that is parallel to the 
plot depth. This is particularly apparent for a 
layout with a small number of plots. If the level 
of service in the parallel direction is of a high 
standard then the increase in costs here may 
override the savings due to plot width reduction. 
Therefore this concept may not be valid in certain 
cases. 
c) Adoption of smaller plot areas. 
With smaller plot areas the total number of plots 
for a given site area, i.e housing density, will 
increase. 
Though the total site servicing costs will remain 
relatively unchanged, the costs per plot will be 
reduced. Housing density is also maximised by the 
optimisation of land utilisation. That is the 
division, such that land for public use is 
minimised. 
d) Appropriate Technology Service Options 
Appropriate Technology(A/T} service options are 
readily adaptable to the servicing requirements of 
low income settlements. A/T options can utilise 
local materials and expertise and therefore can 
satisfy physical, social and cultural requirements 
of the local environment. Another aspect of A/T 
options is that they are easily understood, 
therefore the community can contribute to their 
operation and maintenance, thus relieving the 
burden upon the Authorities. An example of service 
-option where operation and maintenance is easily 
understandable is the pit latrine. Success in its 
operation and maintenance would generally be assured 
where the latrine is wholly built and owned by the 
plot holder. 
Linked to A/T service options is the standard of 
provision for the services. Without doubt, the costs 
of wholly high levels of service leads to unaffordable 
provision for the majority of the lower income groups. 
(Payne G.K.,et al 1984),(World Bank 1974), (UNCHS 
1986, "Delivery of Basic Infrastructure to Low Income 
Settlements ... " ) , (UNESCAP 1984), (Indian Human 
Settlements Programme 1988). Past experience in many 
projects has shown that wherever the level of provi-
sion is too high, higher income groups take over. Thus 
the project intended for the lower income groups 
fails. 
For a successful project it is important that a 
balance is struck between the differing income groups 
to be included in a project. The advantages are that a 
cross subsidy can occur, a micro economy can be de-
veloped and the impetus to improve the conditions 
within the community is stimulated by the higher 
income group. Therefore to encourage a range of income 
groups the level of service provision has to be set 
accordingly. This means that higher levels of service 
will be required at the outset of a project and hence 
the necessity for OSD. 
e)Incremental Upgrading. 
Incremental upgrading is a very important concept 
which can reduce the burden of the servicing costs on 
the community. Low levels of service are provided 
initially throughout, with upgrading to higher levels 
at a much later date and when the community can afford 
such. Delaying the upgrading of a service option will 
reduce the present value of the life cycle costs. 
That is, reducing the present value of the capital 
operation and maintenance costs of any particular 
service option provision and hence reducing the finan-
cial burden of the provision. 
Incremental Upgrading is however in this study 
constrained by the need to satisfy the requirements of 
OSD. With the capability available through OSD, the 
costs of including higher levels of service at the 
outset can now be readily analysed. Therefore the 
concept of Incremental Upgrading now assumes a second-
ary role and will be termed in this study as Upgrad-
ing. Therefore its role is to upgrade the service 
options chosen at the outset that have not been pro-
vided at a high service level. This is explained later 
in this chapter. 
f) Community Participation 
The importance for Community Participation can not be 
over stressed if a project is to be successful. 
----- --------------------------------
This aspect has been demonstrated in many past 
projects and is now implicit in any proposed 
project. 
OSD does not identify the inputs for community 
participation or account for such as this aspect is 
site specific. 
The above concepts are generally supported in practice and 
have been investigated in previous studies as described 
below. 
3.2 Summary of Related Inyestigations 
This chapter summarises previous investigations that 
are closely related to this study. Though the objectives of 
these studies are somewhat different, there are a number of 
basic servicing principles that have been investigated which 
have also been used in the development the OSD processes. 
The common aim of these studies is to investigate land 
sub-division and the provision of infrastructure services 
thereon. The objective in all cases is to determine optimum 
solution(s) for the provision of various services through 
modelling a number of physical factors. These include plot 
size and shape, housing cluster size and shape, various 
forms of land utilization and a range of service options. 
The previous studies are; 
1) "Urbanisation 
projects". 
by H. Caminos 
Primer for the Design of Sites and Service 
Section 3, Design Criteria. 
and R. Geothert. (1976) 
2) a) "Sector Model" b) "Layout Design and Analysis". 
by H.U. Bijilani, M.N. Joglekar, Raj Mulkh.(no date) 
3) "Analysis of Design Alternatives for Evolutionary 
Settlements". by G. Williamson. (1982) 
The following paragraphs give a summary account of each 
study in relation to the infrastructure provision content. 
The purpose of this summary is to set a reference point for 
the present study, to detail any pertinent conclusions and 
to support the concepts to be adopted in the OSD process. 
1) URBANISATION PRIMER 
The aim of this study is to analyse the cost implications 
of land utilization, sub-division and utilities provision. 
The study models a 400x400 metre module of gridiron and 
grid pattern layouts. Numerous layouts were determined with 
various plot sizes, shapes and levels of land utilization, 
twenty of which were selected for services design. Two plot 
sizes were chosen for the study, 100 and 200(m2) with square 
and rectangular shapes and the infrastructure services 
designed for these. 
The services included water supply, sanitation, 
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circulation, storm drainage and power supply. For each 
service sector two design service levels were chosen -
minimum level, which limits the facilities provided and 
standard level which is a full high level of service 
provision. 
The cost/plot and the cost/hectare were then determined for 
each of the layouts and plot sizes with the designated 
options in each service sector. 
The main conclusions drawn from this study are; 
a) an optimum site layout, in terms of land utilization 
and circulation length, is a prerequisite for cost 
savings on service provision. 
b) cost/plot are lower when the housing density 
increases - however the total cost of the provision 
may remain the same with such a housing density 
increase. Real lower costs must come from a reduction 
in the actual service network lengths. 
c) circulation and storm drainage are the most costly 
service sector, particularly at the standard level. 
The increase in costs over the minimum level amount 
to 300%. This again demonstrates that the site layout 
is an important element in establishing a reduction 
in servicing costs. 
2) SECTOR MODEL I LAYOUT DESIGN AND ANALYSIS 
There are two investigations in this study; 
1) The Sector Model 
2) Layout Design and Analysis 
The 'Sector Model' investigates land sub-division at a 
large scale, i.e. township level, by working up solutions 
from optimised housing cluster layouts. 
For plot sizes between 30 and 250(m2) the Sector Model 
determines the effects on the servicing costs due to varying 
the cluster ratio and the plot ratio, both independently and 
collectively. The cluster area is also varied. These 
variations were carried out for numerous servicing options 
to enable a least cost solution for the service provision 
and an optimum cluster layout to be determined. 
The 'Layout Design and Analysis' study determines the 
level of impact on the servicing costs at cluster level due 
to variations in layout patterns. 
A number of cluster layouts were utilized with plot 
sizes between 25 and 160 (m2) for three standards of service 
provision. The study utilised the following physical 
parameters to determine the service network layout 
efficiency:- plot ratio and size, layout module ratio and 
size, road widths, housing density, the utilization of land 
within the cluster and the cluster configuration. 
Variations in these parameters were investigated and the 
impact on the servicing costs determined. 
A number of relevant conclusions were drawn from these 
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studies.(note: plot and cluster ratio is length/breadth, 
length > breadth) 
a) Square clusters give least circulation areas and 
higher housing densities. 
b) Higher plot ratio also results in less circulation 
areas and higher housing density. 
d) A smaller cluster area similarly gives higher housing 
densities and lower circulation areas. 
e) The combination of highest plot ratio, least cluster 
ratio and least cluster area provides a least cost 
solution. 
f) Increases in access width generally decreases the 
housing density. 
3) ANALYSIS AND DESIGN ALTERNATIVES 
FOR EVOLUTIONARY SETTLEMENTS 
The main purpose of this study is to investigate 
design alternatives at both the dwelling and the cluster 
level. In relation to infrastructure, the aim was to lower 
the costs by attaining an efficient site layout. To achieve 
this, consideration was given to length of networks and 
provision of the utilities by stages. The clusters were 
designed to involve the community in the decision making 
process for the service provision, enabling increased 
control over land use. 
Various layouts were developed with plot sizes between 
60 and 70(m2) and a number were selected for analysis, the 
criteria for selection being the minimisation of public 
land. Sanitation and Water supply networks were designed 
for the chosen layouts, the services being laid in either 
public or private land. The effectiveness of the layouts 
in terms of the infrastructure was determined by calculating 
the metreage per hectare and comparing the results with the 
standards set out in the "Urbanisation Primer" Chap.1.2 
'Standards of Performance' (Caminos H.,Goethert R. 1976). 
The relevant conclusion of this study is that the minimum 
service network lengths are achieved with; 
a) linear layout pattern with long narrow plots and 
services in private land. 
b) concentric layout pattern with square plot shapes 
and services in the public or semi public domain. 
The review of the literature and the previous studies 
suggests that the proposed hypothesis is reasonable and that 
the study forms a logical progression in the research of 
services for low income communities. 
3.3 Appropriate Technology Service Qptjons 
lffigrading and Interactions 
Appropriate 
corresponding 
identification 
Service options 
technology 
upgrading 
as they form 
service options and 
and interactions 
part of the OSD process. 
their 
require 
There is a wide range of service options available to 
satisfy the requirements of very differing servicing 
problems. This study does not proclaim to identify all such 
appropriate service options, but for the purposes of the OSD 
process, identification of the fundamental types for each 
service sector is sufficient. These fundamental service 
options are those that represent the most functional or 
those commonly employed in existing projects. For example, a 
Ventilated Improved Pit Latrine (VIP) and a Pour Flush 
latrine represent the most functional for general 
application, of the pit latrine range of service options. 
Service option adaptions, such as for sanitation the 
Vietnamese Aqua Privy(Kalbermatten J.M.,et al 1982) and for 
water supply - communal water storage tanks(Schalekamp M. 
1985) are ignored as these adaptions are site specific. 
The criteria for inclusion of the fundamental service 
options are they require to be physically compatible with 
plot sizes in the range of 3D-500m2 and appropriate to the 
urban context. Other considerations such as service option 
cost, benefits, social and cultural aspects and technical 
sophistication, however adverse in general terms of 
consideration, will not discount its inclusion at this 
stage. However service options that are known to be 
detrimental to, for example health or those that are known 
to remain inadequate under any circumstances of provision 
are discounted. This includes for example, Bucket latrines. 
Interactions 
Assembly of the interactions between the service options is 
an important feature of OSD. Though the interactions may 
have been taken into account in previous related studies as 
a matter of natural procedure, OSD is the first to highlight 
the importance of these interactions and their consequential 
effects upon the servicing costs. 
Incremental Upgrading 
Incremental upgrading is an important facet of any 
service provision. The concept allows for a reduction in the 
servicing costs to be realised through the action of 
delaying the improvement to wholly higher service levels. 
However, Upgrading now takes on a slightly different role 
within the OSD process as discussed previously in Chap 2.1. 
Throughout the 
technology service 
references for each 
available literature on appropriate 
options there are numerous independant 
of the service options described herein. 
These references detail aspects such as design, 
construction, technical and social appropriateness, 
operation and maintenance. All of the information is 
generally colaborated by each of the references and is 
therefore reliable. For the purposes of brevity, each of the 
fundamental options in the study are cited from only the 
foremost source, for example World Bank or UN publications. 
In the following paragraphs a brief description of the 
fundamental options together with the interactions and 
upgrading are detailed for each service sector. 
ROADS AND ACCESS 
Access 
The circulation network in low income urban areas plays an 
important role in terms of both access requirements and for 
carrying out social, commercial and domestic activities. The 
network will allow for physical access to the plots and 
provide access for infrastructure services and as such must 
take into account the present and future needs of the 
community. 
The general minimum standards for access are that every 
plot should be served by at least a footpath or a vehicular 
road at approximately 50m distance (UNCHS 1985). 
Conventional automobile traffic is usually infrequent in 
many urban low income setlements. Pedestrians form the bulk 
of the traffic. Thus the access road class and width should 
reflect the prime mode of use. 
The circulation network for low income areas can be 
categorised into four types; (UNCHS 1985) 
a) Local Distributor 
b) Site Access 
c) Local Access 
d) Footpath Access 
a) Local Distributor 
This type of road represents a spine road that links 
the secondary network of site access and footpaths to 
the primary circulation network. 
The heaviest vehicles expected on such roads would be 
utility vehicles such as vacuum trucks, emergency 
tenders, delivery trucks and most frequently in this 
group, public transport vehicles. In addition other 
traffic could include para-transit vehicles, cars, 
motor cycles and motor cycle powered vehicles, carts 
drawn by human or animal power and pedestrians. 
largest 
other. 
width 
5.5m 
Carriageway widths are dependent upon the 
vehicle expected to be frequently passing each 
Where two pantechnicons are passing the minimum 
of carriageway, without passing places, should be 
Z4 
and a minimum carriageway width of 3m with passing 
places (DOT/DOE 1977). Therefore, depending upon the 
traffic type and volume the cariageway width for a 
local distributor may range from 3 - 7m wide (UNCHS 
1985) . 
Where there is a high volume of varied traffic, the 
use of shoulders maybe appropriate. A narrow 
carriageway for heavy vehicles and the shoulders for 
other traffic could be adopted, thus segregating the 
types of traffic. 
All of the infrastructure services maybe present in 
this class of road. Reserves maybe necessary for water, 
sewerage, drainage and power supply. Footpaths maybe 
required to segregate pedestrian traffic if traffic 
volumes warrant such. 
Taking into account carriageway width, footpaths and 
service reserves the right of way for this type of 
access road will vary between 10m-15m (UNCHS 1985). 
Figure 3.1 a) shows a typical cross-section of a local 
distributor access road. 
b) Site access 
Site access roads enable general movement throughout 
the site and act as a distributor between housing 
blocks. 
The expected traffic on these roads would typically be 
vacuum trucks, para-transit vehicles, cars, small 
utility trucks, motorised and animal drawn carts and 
pedestrians. Minimum carrageway widths will depend upon 
the type of traffic but the maximum width would be 
around 5.5m (UNCHS 1985). This maximum width would 
allow two utility vehicles to pass unrestricted. 
Infrastructure services would be expected in these 
roads with reserves as required. Footpaths may also be 
necessary depending upon the traffic flows. 
In total a reserve of 7m-10m will be required for this 
type of access road (UNCHS 1985). Figure 3.1 b) shows a 
typical cross-section of a Site Access road. 
c) Local Access 
Local access roads are considered to enable entry 
into the housing clusters. 
Vehicles expected on this type 
service trucks, motorised and 
pedestrians. Traffic flows will 
infrequent, thus carriageways of 
enable the largest service vehicle 
1977) . 
of road will be 
push carts and 
most likely be 
2.5m min1mum will 
to enter (DOT/DOE 
Services may not be present in these roads and due to 
the low traffic volume, footpaths may not be justified. 
The right of way will vary from 3.5m-7m depending on 
what is required in way of access and services (UNCHS 
1985). Figure 3.1 c) details a typical Local Access 
road. 
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d) Footpaths Access 
These footpaths are considered to be unitary 
footpaths and not those which form part of another 
access road type. 
Footpath access plays an important role in the 
circulation network. The purpose is to provide quick 
and convenient access around the site to points of 
importance such as main roads, water points and 
community areas etc. 
Footpath access usage is usually high in urban low 
income settlements, thus a comprehensive system is most 
appropriate. Footpaths can also act as an access for 
emergency vehicles where path widths permits. In the 
case of the narrower paths, access maybe possible with 
the use of appropriate vehicles such as mini-utility 
and pedal power forms of transport. 
It is likely that public services maybe built under 
the footpaths. However extra service reserves may be 
necessary if there is vehicle access. 
Access widths for the footpaths will vary between lm-
3.5m with a total right of way between lm-5m (UNCHS 
1985) . 
Road construction 
All forms of road construction materials are suitable for 
urban low income settlements. Typical construction 
materials include earth and stone types which can be 
stabilised or surfaced, macadams, concrete and brick or 
block paved surfaces. The choice of construction depends on 
the site factors and the expected traffic volume, but it may 
also be influenced by the interactions of other service 
sector options. 
Vehicular flows in these settlements are ordinarily low, 
however the use of the technologically superior materials, 
i.e. concrete and macadams, might be justified on the 
grounds of reduced maintenance and longer life span. 
Upgrading 
It is important at the outset of site planning that the 
access widths reflect the future needs and requirements of 
the community with the regard to the provision of 
infrastructure services. Once the rights of way have been 
established there will be no future scope for adding 
reserves. This is unless existing plots were to be altered. 
Thus upgrading in the roads and access sector is confined to 
improvements in the road construction. 
The general trends for upgrading will be for Earth and 
Gravel types to be replaced or overlayed with paved, rigid 
and flexible technologies. The more technologically superior 
materials are more expensive than their counterpart simple 
types, however they are more durable and hence their 
maintenance is generally less expensive. Paving types of 
surface such as concrete slabs and brick are paricularly 
useful as they can be reused when the construction of other 
services entails opening the access road. 
Interactions 
a) Vehicular access. 
Space will be required for the carriageway, the width 
depending upon the traffic type and access frequency. 
If manholes or other service appurtenance access are 
situated in the road, the carriageway may require 
surfacing. However where vehicle access is infrequent it 
would be possible to employ earth or gravel type roads 
if the manholes are positioned to the side of the 
carriageway. This will also depend upon the interaction 
with other service sectors. 
Surfaced roads can be dish shaped to form storm drains. 
In such circumstances, entry points to other services in 
the carriageway, i.e. manholes, would have to be 
strategically positioned. 
b) Footpaths 
Space will be necessary for the footpaths, the 
depending upon its use. Certain service networks 
built under the footpaths, thus saving space. 
WATER SUPPLY 
widths 
can be 
Water is required for many purposes in addition to 
personal consumption. These other uses include bathing, 
cleaning, toilet flushing and garden watering on larger 
plots. The purpose of a water supply is to provide a potable 
source within reasonable walking distance with reduced risk 
of contamination and to realise increases in health 
benefits. The quantities required will depend upon the 
socio-cultural conditions of the community and may vary from 
a minimum of 20 lcd(litres per capita per day) to 150 led 
(WHO 1981) . 
The options in this sector include; 
a) Water vendors 
This system is basically supplying water from tankers or 
water kiosks. The system can provide a good quality 
supply but it is usually extra-ordinarily expensive for 
the consumer. The water consumption with this system 
will depend on the frequency of delivery, capacity of 
the system and the limitations on the amount of water 
that can be carried between the water point and the 
plot. However the consumption would be expected to be 
around 25 led. (Kalbermatten J.M.,et al 1980) 
Upgrading 
There is no upgrading for the water vendor system. The 
only improvements that maybe undertaken is to legalise 
it in an attempt to control the quality and cost. 
Interactions 
A comprehensive system of access will be necessary 
for access to the water vending points. 
b) Communal wells 
These wells can consist of shallow open wells or with 
handpumps to draw the water to the surface. The depth of 
these wells can vary upto a general maximum of 100 
metres for the handpump type, depending upon the 
equipment employed and the depth of the aquifer. 
Water consumption is dependent upon the distance to the 
well, the yield of the well and the method used to 
transport the water between the well and the dwelling. 
Quantities of around 25 led would be expected 
(Kalbermatten, et al 1980) . The quality of water can be 
high, but there is a risk of contamination if on-site 
sanitation disposal methods are present. 
Upgrading 
Upgrading may include improving the 
providing protection to the well from 
contamination. Alternatively, upgrading 
changing to a water reticulation system. 
Interactions 
open well by 
ground level 
can involve 
These wells may not be suitable where there is on-site 
sanitation disposal. To reduce the risk of contamination 
the distance between the well and any sanitation system 
would be between 10 - 30 metres(Kalbermatten J.M., et al 
1982) depending upon the soil types present. These 
distances would be unlikely to be achieved in low income 
settlements, thus the use of these wells with on-site 
sanitation is limited. 
A drainage system will be necessary to deal with any 
run-off from the well. This may include a soakaway or a 
surface drain. 
The following systems require comprehensive pipe 
distribution networks. The advantages of these options are 
that they can be located for optimum convenience and the 
risk of contamination is significantly reduced, providing 
the supply is continuous. 
c) Communal standposts 
The standpost consists of a number of taps situated at a 
convenient location to serve the intended plots. 
Communal standposts at optimum levels can serve 
approximately 20-50 led depending upon the method of 
transporting the water, the distance to the facility, 
the number of people served and the supply capacity 
(Kalbermatten et al 1980). 
The communal nature of the system can result in neglect 
leading to water wastage, drainage problems and 
increased demand on other operational standposts. 
Maintenance cost are therefore somewhat higher than the 
on-plot connections. 
Upgrading 
Upgrading the communal taps involves expanding the pipe 
system network to enable individual taps to be adopted. 
These taps are either positioned on the plot or within 
the dwelling. 
Interactions 
Access will be required to the facility by the users. A 
comprehensive system of footpaths would be sufficient to 
provide such access. 
Suitable drainage must be employed at the standpost to 
deal with any run-off. This will be either a soakaway or 
a open drain. 
Provision of this system constrains the adoptiom of 
certain sanitation technologies due to available water 
quantity, the distance to the facility from the plot and 
the methods of transporting the water. 
d) Individual connections 
This system, apart from the probability of increased 
health benefits, is a system of convenience and as such 
can be installed by the consumer when it becomes 
affordable. 
The system consists of a single on-plot tap either 
situated in the yard of the plot or in the dwelling. The 
supply can be unlimited depending upon the capacity of 
the system. 
All forms of waterborne sanitation are feasible with 
individual connections. Maintenance of the outlet is 
significantly reduced since the tap is located within 
the bounds of an individuals plot. 
Upgrading 
This system is upgraded by adding to the number of 
outlets on the plot. 
Interactions 
On-plot taps will generate a sullage disposal problem 
particularly on small plots where there will be little 
space for on-plot sullage disposal. . 
The distribution pipes may require protection where 
they intersect a pollution zone. 
Separate service reserves maybe necessary where earth 
or gravel roads are utilised to avoid damage by traffic 
to any system access appurtenances. If the pipe runs are 
positioned to the side of the road or they are built on 
the surface then this may not be a problem. 
e) Multi-tap and on-plot storage 
This option involves expanding the number of outlets 
within the household and providing some form of on-plot 
storage. Consumption is unlimited, thus maximised 
health benefits can accure with this option. 
A full range of water saving appliances can be adopted 
which include low flush cisterns and showers. All forms 
of waterborne sanitation are feasible with this system. 
Upgrading 
This system is the ultimate service level in this 
sector. 
Interactions 
The interactions are the same as the individual 
system. 
SANITATION 
The object of sanitation is the safe removal and disposal 
of human excreta which enables the health of the community 
to be maintained through the prevention of disease and the 
control of environmental pollution. 
Two major physical constraints for sanitation are the plot 
size and population density. Where plot sizes tend to be 
large, for example in Africa, finite life pit technologies 
can be readily adopted. At the other extreme, where plot 
sizes are small, off-site disposal methods tend to be more 
appropriate. 
The options in this sector are detailed below. Options that 
are in-appropriate due to offering detrimental health 
benefits have been discounted. These include unimproved pit 
latrines, overhung latrines and bucket latrine systems. 
1. Pit Latrines 
a) Ventilated Improved Pit latrines (VIP). Figure 3.2. 
The VIP system (Kalbermatten, et al 1980) includes large 
single or smaller twin pits. The single pit consists of a 
chamber of approximately lm diameter excavated in the 
ground to a depth of 3m-8m. The pits can be lined or 
semi-lined depending upon the soil characteristics. The 
top of the pit is sealed with a concrete cover which has 
a squatting plate and a vent pipe fitted. The pit is off-
set from the superstructure to allow access for emptying. 
This system can be used on plot sizes as small as 30m2. 
If the pit is built close to the dwelling the 
superstructure can form part of the house structure. The 
vent pipes are then supported by the walls of the 
dwelling. This type of pit has been used in this form in 
Brazil and Ghana(Mara D.D. 1984). 
The life of VIP latrines depends upon their capacity and 
the number of users. 
There is minimal cost associated with the maintenance of 
3o 
this system. However it is unlikely that the pits could 
immediately be redug by hand once they are full as the 
top layer would consist of fresh excreta. Mechanical 
means for emptying would be necessary or where space 
allows, a replacement pit can be dug. VIP's are 
appropriate where hard materials are employed for anal 
cleaning. 
Upgrading 
Upgrading consists of changing to a waterborne system 
and the type will depend upon the plot size and if a 
change in anal cleaning material occurs. 
For larger plot sizes and retaining the hard anal 
cleaning material, an aqua privy or septic tank system 
would be appropriate. Where a soakaway space is limited 
by a small plot size and hard anal cleaning material is 
in use, upgrading would also involve an aqua privy but 
connected directly to a sewer system. 
If a change of anal cleaning material occurs or if it is 
disposed of seperately, a pour flush system can be 
utilized. The pour flush system can discharge either into 
the existing pit, a double pit system or , depending on 
the quantity of water available, directly into a sewer. 
Interactions 
All surface water must be directed away from the pit 
otherwise the pit will become awash and cause a serious 
health hazard. 
Alternative means of sullage disposal is required. 
Water is not necessary for operating the system apart 
from small amounts for cleaning the facility. 
Any water supply pipes that pass through the pollution 
zone will require protection. 
b) Double pit VIP 
The double pit VIP (Kalberrnatten, et al 1980) consists 
of two shallow pits usually 1m-2m deep with an enlarged 
superstructure. The cover may consist of two squating 
plates, one over each pit. When a pit if full the other 
is commissioned and vice-versa. The full pit is then 
sealed and left standing for at least 1 year to ensure 
the destruction of pathogenic organisms. The advantage 
of this pit is it can be alternated indefinitely and its 
application to smaller sizes of plot. 
Upgrading 
Upgrading this type of pit also means changing to a 
waterborne system. In this case sewerage would be the 
logical step with no intermediate upgrading step. 
Interactions 
As with the single pit all surface water must be 
directed away from the pit and alternative means for 
~I 
sullage disposal found. Similarly water is not required 
for system operation 
Water supply pipes that pass within the pollution zone 
will require protection. Due to the shallow nature of 
these pits any unlined storm drains that pass within the 
pollution zone may also require protection. 
Regular access is necessary for pit emptying. Where 
vacuum tankers are employed for this purpose suitable 
access widths will be required. 
2) Pour flush systems 
These toilet systems can either discharge directly or 
indirectly into a vault or to off-set pits. (Other 
systems are also available for discharging into. e.g. 
septic tanks and sewers etc. These systems are dealt with 
later) . 
a) Vaults 
The vault (Kalbermatten, et al 1980) consists of a 
sealed chamber with a pour flush pan and superstructure 
built directly over the vault. Alternatively the toilet 
pan can be located in the dwelling and connected to the 
vault via a pipe. (Fig3.2) Water is required to operate 
the system, approximately 4-5 litres per flush. Solid 
anal cleaning material is not suitable with this system. 
Frequent emptying by vacuum tanker or other suitable 
equipment is necessary. Thus a high degree of Municipal 
involvement is necessary. A 2m3 vault would require 
emptying approximately every two weeks. 
This system is suitable for all plot sizes and is 
particlarly useful where high housing densities exist. 
The vault can also be positioned underneath the dwelling 
where on-plot space is at a premium. 
Upgrading 
Vaults can be upgraded by connecting to a sewer system 
either by retaining the vault or connecting the pour 
flush pan directly to the sewer. Adoption of the latter 
will obviate the need for vacuum tanker collection. 
Interactions 
A standpost water supply system will be necessary for 
the vault. On plot connections are required where the 
pour flush pan is connected directly to the sewer. 
Regular access by vacuum tanker will be necessary for 
vault emptying. The tanks should also be positioned on-
plot to facilitate emptying by the tankers. Where a sewer 
is connected to a vault the period between emptying will 
be somewhat extended. 
Separate sullage disposal will be required for vaults 
alone. 
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Fig 3.2 Typical VIP,Vault and Direct Pour Flush 
b) Direct and Offset Pits 
Direct pits (Kalbermatten, et al 1980) have the pour 
flush pan connected directly to a single lined pit, that 
incorporates weep holes in the pit lining(Fig 3.2). 
Excreta is retained in the pits and any wastewater 
percolates into the surrounding soil. When the pit is 
full either a new pit is dug, if plot space allows or the 
existing pit is emptied by mechanical means. 
Water is required to operate the system, approximately 
1-2 litres per flush. Solid anal cleaning material is not 
suitable with this system. 
Off-set pits (Kalbermatten, et al 1980) consist of 
either a single or two separate lined pits of similar 
construction to the direct type. (Fig3.3) The pits have 
similar operation to the direct type, i.e. solids are 
digested and wastewater percolates into the surrounding 
soil. When the twin pit is full it is rested for a period 
of at least a year and the second pit commissioned. The 
advantage of the twin pit system is that it can be 
alternated indefinitely. Emptying can be accomplished 
either by hand or mechanical means. 
The single type has the same emptying and replacement 
constraints as the direct type. 
The water requirements for the off-set type are slightly 
higher than the direct type. 6-9 liters per flush 
(Kalbermatten J.M.,et al 1982) are required to transport 
the solids to the pits. 
The on-plot space requirements are greater than the 
vault types since the pits require siting outside the 
building boundary. However the pour flush pans can be 
located within the confines of the dwelling. 
Single and twin pit systems are have been used 
successfully for plot sizes as small as 30(m2). 
Upgrading 
This system can be upgraded by connecting the pour 
flush pan directly to a sewer. 
Interactions 
A standpost water supply system will be necessary as 
minimum provision for these pits. On-plot connections are 
necessary where the system is upgraded to a sewer. If 
water supply pipes pass through the pollution zone they 
will require protection. 
Alternative means of sullage disposal will be necessary 
except where sewers are adopted. 
Access to the pits will be required for emptying. The 
width of the access will depend on the emptying equipment 
employed. 
3) Aqua Privy 
The Aqua Privy (Kalbermatten, et al 1980) consists of 
a watertight tank in a pit connected to a soakaway. (Fig 
3.4) The squatting plate is situated over the tank from 
which a drop pipe extends into the wastewater below. The 
level of the wastewater remains constant by regular 
topping up, thus forming a seal around the drop pipe. 
The advantage of this system is that it allows hard anal 
cleansing material to be used in conjunction with a 
waterborne system. 
The need for a separate soakaway for this system limits 
their use with small plot sizes. 
Periodic emptying of the tank is necessary by some form 
of manual or mechanical means, usually a vacuum tanker. 
This will result in involvement with the Municipality or 
a private Contractor. The period between emptying will be 
around 2-3 years depending upon the tank size and the 
number of users (Pickford 1980) . 
Upgrading 
Upgrading consists of replacing the soakaway with a 
sewer. However emptying of the tank will still be 
necessary. Alternatively, if a change or separate 
disposal of the hard anal cleansing material occurs the 
system can be replaced in total by connecting directly to 
a sewer. 
Interactions 
A standpost water supply system will be necessary as 
miminmum provision. Successful operation depends upon 
maintaining the water seal at the base of the drop pipe. 
The quantities required will depend mainly upon the 
watertightness of the tank. 
Sullage can be disposed of through the system which will 
assist in maintaining the water seal, however the 
quantities of sullage for disposal will depend upon the 
capacity of the soakaway. 
Access to the tank will be required for occasional 
emptying. 
4) Septic Tank 
Septic tanks (Kalbermatten, et al 1980) (Fig3.4) consist, 
in their basic form, of two watertight compartments. An 
inlet pipe from the toilets directs wastewater into the 
first compartment and an outlet pipe from the second tank 
directs the treated effluent away for disposal. 
Internally there are a number of baffles to maintain 
quiescent conditions while the solids settle and are 
digested. Retention of the wastewater in the tank is 
between 1-3 days. 
Manual or mechanical means such as vacuum tankers are 
required for desludging, typically at intervals of 2-3 
years depending upon the tank size and the number of 
users. It is not possible to position the tanks under the 
dwelling as access to all of the compartments is required 
for emptying. 
The need for a soakaway renders this system unsuitable 
for small plot sizes. Drainfields are another common 
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Fig 3.4 Typical Aqua Privy and Septic Tank 
method of effulent disposal for the system. However it is 
unlikely that this method would be suitable for high 
density urban environs due to the amount of land required 
for the drainfield. 
Water is required for operation, approximately 6-9 
litres per flush. Sullage can also be disposed of through 
the system by introducing it through the second 
compartment of the tank. This will ensure that the 
quiescent conditions are not disturbed in the first tank. 
Upgrading 
Upgrading involves replacing the soakaway with a sewer 
or replacing the whole system and connecting the toilets 
directly to a sewer. 
Interactions 
A house connection water supply system will be 
necessary as minimum provision with a tank and soakaway. 
If water supply or unlined storm drains pass through the 
soakaway pollution zone then they may require protection. 
Access is necessary for emptying the tanks. The width of 
access will depend upon the methods employed. 
5) Sewerage 
There are three types of sewer, currently designated 
as shallow, small bore and conventional. 
Small bore (Otis, Mara 1985) are sewers that transport 
only the liquid portion of the wastewater and as such are 
used in conjunction with aqua privies, septic tanks, 
vaults and interceptor tanks. These sewers are ordinarily 
laid at shallow depth in separate reserves and do not 
necessarily follow a grade. It is normal for only a 
limited number of manholes to be adopted with this 
system. 
Shallow sewers (UNCHS 1980) carry all of the wastewater 
and are usually connected directly to pour flush toilets. 
The pipes are buried to grade at shallow depths in 
separate reserves. The upper reaches of these sewers are 
normally laid through the back yards of the plots. This 
enables the sewer to be clear of any vehicular traffic 
and also reduces the connection lengths. 
Shallow manholes maybe adopted with this system. 
Conventional sewers also carry all of the wastewater and 
maybe connected directly to the toilets. 
The sewers are buried at depth and to predefined grades, 
usually under the access road carriageways. Standard 
manholes are employed with this system. 
Water is required for operation of the sewers. 
The requirements for the small bore system depends upon 
the facility it is connected to. The shallow sewer is 
reported to operate on small quantities of water similar 
to that required to operate pour flush pans. The 
principal of the shallow sewer is that there will be 
enough water to transport the solids along the pipe due 
to the frequent flushing resulting from high housing 
density. Water requirements for the conventional sewer 
are high - approximately 70 litres per person per day. 
Upgrading 
Sewers represent the ultimate level of service 
provision. 
Interactions 
A house connection water supply is the minimum 
provision for the small bore and shallow sewers and a 
house connection will be required for conventional 
sewers. All sullage will be directed through the system. 
Where small bore and shallow sewers intersect access 
roads the sewer will require protection. Manholes or 
inspection chambers should not be set in earth 
carriageways. Where the traffic flows are infrequent it 
maybe permissible to set the manholes in gravel roads or 
to the side of the carriageway. 
Water and sewer pipes should be kept separate. If this 
cannot be maintained then the water pipe must be situated 
above the sewer, otherwise quality joints will be 
necessary. 
Separate reserves maybe required for the small bore and 
shallow sewers. There is no interaction between land 
requirement and conventional sewers. 
6) Communal Facilities. 
These systems can range from 3-4 latrines per housing 
cluster to a single system serving a whole community. 
They are also seen as temporary in nature until an 
affordable alternative system can be introduced. 
The larger systems can consist of various systems 
including pour flush and aqua privy type depending upon 
the community they have to serve. Novel systems can occur 
taking advantage of local conditions. (see the Golapara 
toilet block (Chowdhury S.,et al 1981)). 
Washing and laundry facilities are common in these 
types of system depending upon the system type. 
The disadvantages are they require daily operation and 
maintenance and they also require large tracts of land. 
The housing cluster communal systems usually consist of 
pit type latrines as these are simple and cheap to 
construct and operate. 
Upgrading 
Upgrading in all cases will result in a change to an 
on-plot system, the types depending upon the needs of the 
community. 
Interactions 
A comprehensive footpath system will be necessary for 
the larger systems in conjunction with access lighting 
for night use of the facility. Access roads will also be 
needed for vacuum tankers to empty the system. 
A water supply will be required where waterbased systems 
are adopted. 
STORM DRAINAGE 
The drainage regime in low income settlements 
will consist of stormwater and for sullage disposal. The 
efficient removal of stormwater is a necessity to ensure 
the health and safety of the inhabitants and the 
protection of property and infrastructure services. The 
drains should normally protect the community from a once 
in one year storm as this appears to be an acceptable 
standard for low income communities. 
The options for storm drainage include; 
a) Earth Drains (Fig3.5) 
The shape of these drains is usually trapezodial for 
the larger capacity ones and vee shaped for the smaller 
capacity. 
Regular maintenance is required for this type of drain 
as they are liable to capacity loss from erosion and loss 
of line and grade. 
Sullage must not be disposed of in earth drains as 
ponding of the sullage may occur. This will result in a 
health hazard from the breeding of mosquitoes. In 
addition wastewater and solid waste must not be disposed 
of in these drains as this too will cause a similar 
health hazard. 
Upgrading 
Upgrading these drains involves lining the surface 
with suitable materials as detailed in the paragraph 
lined drains below. 
Interactions 
On cambered roads a drain will be required on both 
sides of the carriageway and on the down side of a 
crossfall carriageway. Where the drains intersect a 
carriageway a culvert will be necessary. 
b) Lined Drains (Fig 3.5) 
Lined drains are usually channel shaped. Where drains 
have a small depth, V shaped lined drains can also be 
adopted. These shapes requires stable construction 
materials. These are commonly masonry, rendered rip-rap, 
brick and concrete blockwork. 
With the adoption of durable materials, maintenance is 
somewhat reduced. 
Sullage can be disposed of in these drains. A small 
channel can be formed in the base of the drain(Fig3.5) to 
ensure that adequate velocities are maintained for the 
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Fig 3.5 Typical Storm Drain Sections 
relatively small sullage flows. This is provided that 
suitable gradients and hence velocities are achievable. 
Incorporating integral channels may not be necesary for V 
shaped drains. 
Upgrading 
This system represents a high level of service for 
stormwater disposal and therefore no upgrading is 
considered. However improvements to the drains can 
include the fitting of covers. This will reduce the 
temptation to dispose of solid waste in the drains, but 
this action makes the cleaning operation more difficult. 
Interactions 
Where lined drains are adopted, surfaced carriageways 
will be necessary, unless standards of maintenance ensure 
that carriageway levels remain commensurate with those of 
the drains. 
Where a drain intersects a road, a culvert will be 
required under the carriageway. 
c) Dished Carriageways (Fig3.5) 
This method involves profiling a surfaced access road or 
footpath to form a shallow dish shape. This system is 
seen as suitable for localised run-off areas only, 
typically a housing cluster. Standard drain types would 
then be required to collect the run-off from the dished 
road surfaces. 
Upgrading 
This system represents a high level of service 
provision and thus no upgrading is envisaged. 
Interactions 
Separate sullage disposal will be necessary. 
The dished accesses will require surfacing, typically 
a rigid or paved type. 
Where manholes or other service accesses are present in 
the road surface care will have to be exercised in their 
placement. 
Sullage Di St:>OSal 
Upto 90% of the water provided to the community will return 
as sullage (Kalbermatten J.M.,et al 1982). This wastewater 
can cause a health hazard and therefore will require careful 
disposal. Where the plot sizes are large the problem of 
disposal is not as acute as on the smaller plot sizes. 
The options for disposal for the small plot sizes are 
either into suitable lined storm drains (see fig3.5) or into 
sewers. For the larger plots, on-plot soakaways are also 
available in addition to the storm drains and sewers. 
Power Supply 
Power supply to individual dwellings in the context of 
low levels of service provision, should not be a necessity 
at the early stages of site development. Power supply will 
be required though for security lighting and street lighting 
for designated areas. Planning for any future distribution 
system must be determined at the outset, as this will enable 
the necessary service reserves and clearances to be 
established. When supplies can be afforded, power will be 
required for households needs, street lighting and for 
carrying out economic activities in the community. The power 
demand for low income communities can vary between 0. 5kW and 
1.5kW per plot (Gilmore Hankey Kirke 1978). 
Power is distributed throughout the site by either 
overhead lines or underground cables. The secondary 
distribution system is usually split into two circuits - low 
voltage distribution and low voltage service circuits. A 
transformer from the medium voltage feeder supplies the low 
voltage distribution ring which distributes power along the 
site's internal access roads. This circuit is typically a 3 
phase system. The low voltage service circuit, which feeds 
the housing clusters, is in turn tapped from this low 
voltage distribution ring. This tapping is generally a 
single phase of 240 Volts when it supplies domestic 
consumers. Service connections are then taken off this 
single phase circuit to supply individual dwellings. 
Clearances are required for overhead lines. A horizontal 
clearance of 1200mm minimum and a vertical clearance of 
2500mm above any structure is necessary to protect people 
and property (Cotton, Franceys 1988). These requirements 
will generally restrict the height of adjacent buildings to 
two storeys. 
If the power lines are dispersed throughout the site 
supported on poles, the poles are generally at 50m centres 
and must provide a minimum ground to line clearance of 5.8m. 
Underground cables are not affected by clearances but may 
require service reserves. 
An alternative method of distributing the low voltage 
service circuit within the housing cluster is to convey 
cables along the back yard walls where these walls exist. 
Service drops are then taken from these cables. This method 
obviates the need for separate reserves or for power line 
clearances. 
Transformers 
Distribution transformers will be required to step down 
the supply voltages. Their capacity will depend upon the 
power demand, permissible voltage drop and the cable size. 
Since power demand is ordinarily low, the required 
transformer size will enable pole mounted types to be 
adopted. These types do not require land for installation. 
Street lighting 
Street lighting can be readily introduced when the need 
arises by attaching the luminaries to the power poles. 
Security lighting is usually an important priority in low 
income settlements. 
Upgrading 
Upgrading involves expanding the system coverage as 
demand increases and ultimately adopting an underground 
system. Adoption of the underground system will obviate the 
requirements for clearances as with the overhead lines and 
thus allow buildings of two or more storeys to be 
constructed. Illegal connections should also be reduced with 
the underground system. 
Interactions 
Clearances are required as explained in previous 
paragraphs . 
Due to the low speeds and traffic flows on the access 
roads it is possible to position the power poles on the edge 
of the carriageway. 
Where underground cables are laid in access roads the 
carriageway may require surfacing or where the cable 
intersects a road the cable may require protection. 
CHAPTER 4 
DEVELOPING THE FRAMEWORK FOR THE ANALYSIS 
4.1 Introduction 
To undertake the analysis of alternative service options, a 
methodology was developed. This methodology is based on the 
creation of an Infrastructure Model(IM) in which the 
selection of particular service options and alternative site 
layouts will be used to determine a range of overall 
servicing costs. 
4.2 Infrastructl!re Model 
The IM was developed to determine the infrastructure 
costs associated with variations in the site layout, land 
costs, appropriate technology service options, service 
option upgrading, service option interactions, plot sizes 
and plot shapes. This has been carried out to evaluate the 
effects of such variations on the servicing costs as a 
whole. 
The IM is an analytical tool based upon a computer 
spreadsheet (see Appendix B). The need for such a tool is 
justified as the analysis will involve repetitive 
calculation to account for the effects of such a complex 
system of variables and the need to cope with the changes in 
the site layout. Manual computation would thus be 
laborious and time consuming, hence the need for a rapid 
analysis tool. 
The layout configurations chosen for the IM are 
Cluster and Linear types as detailed in Fig 4.1 a) and b). 
These layouts have been selected as they are 
representative of the common types utilised in present 
day planning practice. The configuration of the layouts are 
fixed. That is back to back plots with or without a rear 
access. All other parameters and dimensions are 
variable within the specification of the programme. 
These include service reserve, access widths, plot size 
and plot shape. 
The services are built in public land and are connected 
to the site networks which in turn are distributed 
throughout the site via the road circulation network. The 
general position of the services in the layouts are shown in 
Figs 4.1 a) and 4.1 b). 
Infrastructure model main assumptions 
a) Volumes and type of traffic encountered in low 
income settlements warrants minimum road layer 
depths. 
b) Whatever service options are chosen in the analysis 
it is assumed that any supporting off-site service 
41 
"1 
f-'· 
Q r 
~~ 
~B ~~ E 
C> 
z: 
~ 
~ 
<I' 
g' 
_J 
]~ 
I 
J 
---r 
~ 
/" 
WA'fE't. 
I 
REAR. ACc.E.!>S 
Ill 
::; 
m 
-
FleoNT AC.C.e-.~s 
- -
\ 
\ 
~ 1 r j). 
~ 
--
~ ~ 
t/ RoiJT 
-Ace£~~ 
' 
I 
l H\ elwre. "tJlA,w/ '~ ~~ Jl~ St.mw 1HtnllG" 
fi:>oiJr Ace f:: <,c., -Scc.TI~1"11fol.lGI-I ~ AuF'5>">-
-I 
;--
I I I I I I 
~ ~ f-fl..on. 
- -
ar~:.~ 
SPACE 
I 
~· 
'l.l ] ~ 
.., 
1:2 ~ 0 I ~· 
-
-=+=- I--~IT!':. . -lh.c~ 
--, I . I I I I I I I I 
L i-' ~ 
RoiJI' llcms/ 
" 
'" Aca!.s 
' J ~ 
1 ' 
• fo~u......._ 1\fA!t.J j,.Jo WA"iei:. '!.~ 
- SE.c.:nl:lf.J Ulfui.J(j~l 'fi'C~-Ir Ilea:::.'\-
'-11E - 1- Nm.:. S.et<.u1ct: SltoiUJ 
Aue.s Clt.J Stot.TI ey..~ 
o~L~ ~(. UAe•i'::l 
)-l~ '~1 ~ ll~ 
c 3 V"~ .cl 
- SE.c.TIClt-llllt'cocr! Sn-e. Acce::.~--
Fiq 4.1 b) Cluster Layout 
is available at the site boundary. The costs for such 
off-site service is not determined by the IM, but is 
accounted for where required through service charges. 
c) the topography of the site is assumed to be flat, in 
the sense of being conducive to the requirements 
of the infrastructure, for example the topography 
will allow for adequate drainage falls. The site is 
also assummed to be prepared for the provision of 
the services, the cost of such ground preparation 
being ignored as it is purely site specific. 
d) When upgrading is accomplished it is undertaken for 
all plots together. For example, if pit latrines 
are upgraded to sewers, then all plots are 
connected to the sewer at the same time. 
4.3 Plot sjze 
Plot size is generally determined by a number of factors 
which include affordabilty in relation to the size of the 
plot, allowing a sufficient housing density to enable the 
costs of the services to kept at low levels and the 
prevailing aspirations of the householders. 
Plot sizes in this study are in the range from 30 to 
500m2. The smallest size, 30m2 is based on the minimum space 
required to occupy a dwelling. This would be ordinarily one 
room and a wet core. The largest size, 500m2 is based on 
what actual householders have been seen to adopt. The actual 
plot sizes chosen are 30, 50, 75, 100, 250 and 500(m2). 
For the requirements of this study the range of plot sizes 
for investigation have been divided into two groups,viz: 30 
to 100(m2) and 100(m2) to 500(m2). 
A division at 100(m2) occurs for the following reason. On 
smaller plot sizes the dwelling normally covers a high 
proportion of the plot area. Thus the disposal of sullage 
becomes a problem. Appropriate methods of disposal of the 
sullage are either in sewers, lined drains or by on-plot 
soakaways. The sewers and lined drains do not physically 
affect the plot size, the soakaway however does. The nominal 
plot size that can accomodate a soakpit has been determined 
as 100(m2). This is based upon the physical size of a 
typical soakpit, its required sphere of operation and the 
size of the average dwelling. Therefore the sullage problem 
occurs in the 30 to 100(m2) plot size range. 
4.4 Plot ratio 
The plot ratio (breadth/length) is constrained at its 
maximum value ( 1:1) by the need to keep the servicing costs 
to a minimum. That is for network services the costs of the 
service is related to the width of the plot. At its minimum 
value the ratio is restricted by the width of the dwelling 
and any on-plot access. The plot ratios for investigation 
were set at 1:1 and 1:4. These ratios are seen as reasonable 
given the plot size range. 
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4.5 r.ayont configuration 
The layouts have been chosen from the general types adopted 
in present day practice. The accesses have been developed 
from the guidelines "Services for Urban Low Income Housing", 
Road and Street Layouts, page38. WEDC (Cotton A.,Franceys 
R.W.A. 1988). For example, the reserve created by power 
supply poles and building lines shall be utilised for a 
surface drain. Thus incorporating this ideology results in 
optimising the service land reserves for any particular 
choice of service option. 
The number of plots for the linear layout was set at 40. 
This figure is based upon reasonable access lengths into the 
grid type layout for both vehicular access and pit latrine 
emptying. A similar number of plots was chosen for the 
cluster layout. However in this case the controlling factor 
is enough plots to form a regular Cluster. 
The widths of the carriageway are 2.5m for front access, 
5. Om for site access and 1. Om for back access (see Figs 4.1 
a) and b). However there are a number of variations on these 
sizes influenced by particular situations. For 500(m2) plot 
sizes the front access is 5.0mwide. A smaller access width 
would not be compatible with the large plot area from the 
point of view of a very large plot size and a narrow access. 
Where earth drains are employed at the backs the back access 
width is set at 1.5m. This allows for the sloping sides of 
the earth drain. 
The analysis has been undertaken at 'housing cluster' level 
and not at neighbourhood or site development level. The 
reasons are that all of the processes of OSD occur at the 
housing cluster level and there exists a large amount of 
output data for each level of layout that could not be 
researched in the limited time available. 
4.6 Service Options 
The prime criteria for selection of the fundamental service 
options are that they must either technically interact with 
other service options in a chosen range, have implications 
in the required service land reserves or are required to 
satisfy compatibility with other options in a chosen range. 
The layout of the dwelling was also considered when 
determining the service options to be chosen, particularly 
for the small plot sizes. Wet cores, pit latrines and 
kitchens are assumed to be at the rear of the plot, thus 
sullage drains, sewers and service access all interact here. 
It is assumed that an appropriate vehicle/method is used to 
empty the pits with regard to the selected width of the 
access. If mechanical equipment is required then the access 
would have to be widened accordingly. Alternatively access 
to the pits from the front of the plots could be adopted if 
space allowed. 
Another variation is that the wet cores and kitchens etc. 
are positioned at the front of the plot and the back access 
is ommitted. This would be a similar situation to the 100m2 
to 500m2 plots with no backs, but in this case there is a 
further restriction being the plot size. The result of this 
would be that all of the service options would be provided 
within one overall reserve i.e. in the front access road. 
With such a close proximity of service options there will be 
paticular interactions between the options and a possible 
restriction of alternative option choice. 
Each of the foregoing represent particular option 
combinations and as such would be valid for analysis. The 
general aim of the research study is however to indentify if 
optimisation, as per the hypothesis is achieveable and not 
necessarily with any specific layout. Therefore the layout, 
in terms of the service option location, that has been 
developed is a representative layout and adequate for 
identifying if overall service costs can be reduced. 
The following paragraphs detail the range of options 
adopted for the analysis. 
a) Roads and Access 
The options here are Earth, Flexible Surfacing and Rigid 
Paving. Earth roads are adopted where earth drains are 
employed, for all types of access road. When the drains 
are lined to carry sullage, surfaced roads will be 
necessary for the site access road and paving for the 
back access. If the carriageways of the access and the 
back access are employed for surface drainage, then 
paving will be required for these carriageway surfaces. 
b) Storm Drainage 
The options in this sector are Unlined, Lined and 'Road 
as Drain'. 
The dwelling kitchens are assumed to be at the rear of 
the house, thus the back access and the site access 
drains will reqire lining when the drains are used for 
sullage disposal. Earth drains are adopted when sullage 
is disposed of by alternative means. Employing the road 
as drain overcomes the need for a drainage channel within 
the 'housing cluster', thus saving land for reserves. 
This system however can only be accompanied by sewers for 
sullage disposal. 
c) Water supply 
The options for this sector are either Communal 
standposts or House connections. 
Communal standpost accompany the pit latrines and house 
connections are necessary for the sewers. The standposts 
are set well into each housing cluster, the reason being 
that the individual cluster can identify its own 
standpost and casual use is minimised. The housing 
cluster supply main is postioned in the access road. This 
is to ensure adequate clearance from the influence of pit 
latrines and sewers. No service reserve is necessary as 
the main is positioned at the side of the access 
carriageway. 
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d) Sanitation 
The chosen options here are Pit latrines, Sewers and 
Soakaways. The pit latrine was chosen to represent on-
site sanitation. It has been assumed that the pit latrine 
would be suitable for plot sizes as small as 30(m2). This 
means that the pit is constructed close or as part of the 
dwelling. The pits are assumed to be positioned at the 
rear of the plots to avoid interference with water 
supplies. Thus the entry for emptying the pits is along 
the back access. 
The sewers in the 'housing clusters' are positioned in 
the back access, or in the case of no back access, in the 
yards of the plots. The sewers are all at shallow depth 
in the 'housing cluster', however when they emerge into 
the site access road they are at sufficient depth to be 
positioned in the access road itself. 
The nature of the service provision is to restrict the 
level of service between two interacting options to a 
minimum. Therefore instead of surfacing the site access 
road to protect any manholes, the sewers have been 
positioned at the side of the carriageway with their 
manholes. protruding above the surface. This will enable 
earth roads to be adopted with the sewers where 
appropriate. However there will be a restricted road 
width at the manholes, approximately 4m as opposed to a 
Sm road width. This should not present a problem as the 
traffic flows and speeds are ordinarily low in these 
settlements. In any case a 4.1m road width will allow two 
cars to pass unrestricted. (DOT/DOE 1977). 
The soakpit has been adopted for on-site sullage 
disposal for plot sizes 100(m2) and above. 
e) Power supply 
The service options chosen here are Overhead Lines and 
Underground Cables. 
The poles for overhead lines are positioned at the edge 
of the carriageway, similar to the position of the 
sewers. Their required clearance of 1200rnm from any 
structure will result in the creation of a service 
reserve between the line of the poles and the plot 
boundary. This ready made reserve can be employed for the 
drainage channels. This clearance is an important factor 
in that it influences the land reserve requirements in 
the housing cluster access road. Underground cables are 
positioned under the front access road and as such do not 
affect the site layout. 
From the foregoing the options are classed for this study 
as low or high service level based on their unit costs. 
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Table 4.1 Option Service Levels 
Service 
Sector 
ROADS 
STORM 
DRAINAGE 
WATER 
SUPPLY 
SANITATION 
POWER 
SUPPLY 
SULLAGE. 
Service Option 
Low level High level 
Flexible 
Earth Surfacing 
Paved 
Unlined Lined 
Road as Drain 
Corrununal House 
Standpost Connection 
Pit Sewer 
Latrine 
Overhead Underground 
Lines Cables 
depends on co-existing options 
and plot size. 
Plot size} Pit latrine,sullage to Lined Drain 
<100m2 } Sewer, sullage to sewer 
Plot size} Pit latrine, sullage to soakpit 
>100m2 } Sewer, sullage to sewer 
Note: No intermediate service level has 
been adopted due to the choice of 
service options. 
Each of 
servicing 
analysis. 
the service 
combination 
options were compiled to 
that would form the basis 
form a 
for the 
In addition to the on-site service options a number of 
complementary off-site option are required to be accounted 
for. The costs of such off-site options will be included as 
service charges. These service charges are taken into 
account only where the interaction between the particular 
options warrants such. For example adopting sewers results 
in a necessary increase in the water supply thus account has 
to be taken of the cost of such increased usage. 
These charges for the off-site options are; 
a) sewage treatment 
b) water consumption 
The off-site charge for the sewage treatment is calculated 
as the annual cost per plot for treatment of sewage in 
Waste Stabilisation Ponds. The charge includes for the 
capital, operation, maintenance and land costs for the 
treatment plant. 
4G 
The water supply off-site charge is calculated to cover all 
the cost of providing a potable supply to the site boundary. 
4.7 Models for the analysis 
A number of servicing models were compiled to undertake 
the analysis incorporating the components detailed in this 
chapter. This resulted in twenty nine alternative servicing 
combinations as detailed in Table 4.2 
Again an important point to note here is that the 
alternative option combination is not an upgrading step. 
When an alternative is applied the service reserves will 
alter to suit the applied service options. With upgrading 
the service reserves remain constant, as set at the Primary 
level of service. 
4.8 Unit Costs 
Unit costs were assembled for three geographical areas, 
Africa, India and the Far East. These costs relate to a 
typical countrywide 'schedule of rates', being extracted 
from a number of sources within the geographical area. The 
details of the costs are set out in Appendix B. 
The unit costs compiled for the analysis represent the 
cost for the fundamental options of the particular country 
concerned. Analysis of the costs was not undertaken to 
indentify community inputs as this would be site specific. 
A point to note with the choice of country costs is that 
their selection was not to enable a cross comparison between 
each country to be made. Rather, a natural variation in the 
costs was envisaged, to enable a widespread analysis to be 
undertaken in determining if service cost reduction is 
achievable. The costs for this analysis are based on market 
prices and do not include for contingencies, overhead or 
profits. The output costs are all in a universal currency 
i.e. United States dollars and relate to the year 1985. 
4.9 Other parameters 
1) The design of the services is based upon a maximum 
population of six persons per dwelling. This value is 
taken as the average occupancy for the plot size range 
in this study. 
2) The economic/financial parameters were; 
Discount rate - 5% 
Project term - 20 years 
Capital Recovery Factor(CRF) - 0.12 
The CRF was based on a loan term of 20 years and an 
discount rate of 5% and is used to determine the annual 
cost per plot for the present value of capital, 
operation, maintenance and service charge costs. A low 
discount factor was selected to ensure that the 
mechanics of discounting did not render the future 
operation and maintenance costs negligible. 
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-----------------------------------------------------------
Option s,:,.ni- Power Drain Road 
No. tation Int Ext Back Int Ext Back 
-----------------------------------------------------------
1 PL 0/H u L L E s p 
2 PL 0/H L L L s s p 
3 SEWER 0/H u u L E E p 
4 SEWER 0/H L L L s s p 
5 SEWER 0/H u u u E E E 
6 PL+SOAK 0/H u u u E E E 
7 SEWER U/G u u u E E E 
8 SEWER U/G L L L s s p 
9 PL U/G L L L s s p 
10 PL U!G u L L E s p 
11• PL 0/H L L s s 
12" . SEWER 0/H L L s s 
13' PL 0/H u u E E 
14' SEWER 0/H u u E E 
15' PL U/G u u E E 
16' SEWER U/G u u E E 
17" PL U/G L L s s 
18' SEWER U/G L L s s 
19 PL 0/H R/D L L p s p 
20 PL U/G R/D L L p s p 
21 SEWER U/G R/D L L p s .p 
22 SEWER 0/H R/D L R/D p s p 
23 SEWER 0/H R/D u R/D p E p 
24 SEWER U/G R/D L R/D p s p 
25 SEWER U/G R/D u R/D p E p 
26:•: PL 0/H R/D u E E 
27'" SEt.JER 0/H RiD u E E 
28:+.; PL U/G R/D u E E 
29·•: SEWER U/G R/D lJ E E 
---------------------------------------------------------
LEGEND; 
Layout with no back access(plot sizes>100m2) 
!NT Dr3in/Road, c:uster/Grid Access 
EXT Drain/Road, Site Access 
EAC~ Drain/Road, ~ack Access 
PL ?it La.trin-2 
U Unlined Drain 
L Lined ~~ain 
E Earth Road 
S Su~!aced Road 
o Paved Road 
U/G Underground Cables 
0/H Overhea,j Lines 
R/D Road as Drain 
CHAPTER 5 
THE RESULTS and ANALYSIS 
5.1 Introduction 
The object of the analysis is to determine if any high 
level service option or combination of high level service 
options can be adopted at the Primary service level with a 
reduction in the overall servicing costs. This may be 
achieved by trading off between the following costs, 
capital, operation, maintenance, land and accounting for the 
service option interactions. 
Details of how the options combinations for the analysis 
were chosen are given in "Developing the Framework for the 
Analysis", Chap 4.0. 
The IM was utilised to compute the costs for the chosen 
options combinations for each of the plot sizes, plot 
ratios, layouts, land costs and case countries. A set of 
output data was therefore compiled, consisting of 
approximately 30000 individual sector costs and 4000 overall 
servicing costs. 
It is well to be reminded at this point that the analysis 
is llilt. an upgrading exercise, but an analyis of alternative 
service option combinations. That is, the service land will 
alter for each servicing alternative, whereas with upgrading 
the service reserves are fixed at the outset. Also 
particular service options in either or both of the initial 
and alternative service provision may require substitution 
to satisfy option interactions. This was explained in 
Chapter 2.5. 
5.2 Methodology for the analysis of the results 
The costs for the study were determined in two stages. i.e. 
for the Primary service level as a whole and for the effects 
of the Upgrading on the Primary service level. This was 
undertaken in this manner since all of the mechanics of the 
overall servicing costs occur at the Primary service level, 
thus enabling easy analysis and isolation of any pertinent 
features that may occur in the costs. 
In this study there is no reference on which OSD can 
be based. i.e. there is no affordability criteria. To 
overcome this, the optimisation will be gauged against a 
chosen option combination that represents a minmum level of 
service and therefore a minimum cost. A methodology was 
formed with the aim of reducing the investigation to 
manageable limits in a manner that would not compromise its 
quality. The basic principle was to divide the service 
sectors into those that a choice of options could be made 
and those where the choice was constrained by the option 
interactions. Thus sanitation, power supply and drainage 
formed the choice section and roads and access and water 
supply the interaction section. 
Detailing these sectors however does not imply prioritising 
the service sectors as such, for any particular servicing 
problem that maybe encountered. This was accomplished only 
as a method to tackle the problem. 
To establish a basis for the analysis the following 
procedure was adopted. 
1) the minimum level of service provision for all service 
sectors was chosen from the list of service option 
alternatives (Table 4.2) for the layouts with a back 
access and for those without. These service option 
alternatives were determined on the basis of least 
overall service cost. This resulted in the choice of 
option No.l and option No.13 as the base option for the 
comparison. 
2) for similar sanitation and power option alternatives the 
costs for the drainage and roads was investigated to 
determine the alternative with the least overall service 
cost. For example, option Nos.3, 4, and 5 have the same 
sanitation and power options, but different drainage and 
roads options. By inspecting the overall service cost of 
each of these option alternatives, No.5 is the cheapest. 
Therefore when the sewer as an alternative to the pit 
latrine of option 1 is chosen, the cheapest sewer 
alternative, i.e. No.5 will be selected for the 
comparison. This process was also carried out for option 
alternatives 7-8, 9-10, 12-14 and so forth. This 
resulted in reducing the analysis to a more manageable 
level. 
3) for the base options, an alternative service option 
combination was chosen for sanitation, power and drainage 
in turn and collectively for analysis (where one sector 
is changed this is termed 'single sector alternative', 
where two sectors are changed, 'double sector 
alternative' and so forth) . The choice of option for the 
roads and water supply are non-selective, being chosen 
only to satisfy the required interactions. 
The foregoing resulted in the following service option 
combination comparisons for each layout, plot size, plot 
ratio, land cost and case country; 
1->5 1->7 1->10 1->19 1->20 1->23 1->25 
13->28 13->14 13->15 13->16 13->26 13->27 13->29 
The results of the analysis are shown in Appendix A. Tables 
5.1 to 5.19 for alternative service options at Primary 
service level and Tables 5.19 to 5.36 to include the effects 
of Upgrading. 
CHAPTER 6. 0 
DISCUSSION OF THE RESULTS 
6.1 Introduction 
The aim of the study is to determine if high level 
service option combinations could be introduced at the 
outset with reduced overall servicing costs. To investigate 
this, the interaction between the choice of service option, 
site layout, service reserves, plot size and plot ratio were 
investigated. 
6.2Investiqatjon and Djscnssion of the Resnlts 
General Review 
Before a detailed analysis was carried out, perusal of the 
output results was undertaken to determine the occurence and 
extent of any overall cost reduction. Tables 5.19 to 5.36, 
were employed. A cost reduction is indicated with a minus 
sign in the percentage difference (%diff) column. The 
absolute value of the cost reduction is not important at 
this stage. 
The result of this perusal is that throughout the analysis 
drainage and power supply show a reduction or a slight 
increase in the overall service costs for the adoption of 
the service option alternatives. Sanitation however, in all 
cases shows substantial increases in the overall servicing 
costs. 
Also an inspection of the results between the linear and 
the cluster layouts for all the variables was accomplished 
and a comparison between the base option No 1 (representing 
a low level of service provision) and option No 8 
(representing a high level of service provision) 
This was to determine if; 
1) any dissimilar features pertaining to a reduction in 
the overall servicing costs was apparent in either 
layout case. 
2) to determine the effect of layout on the servicing 
costs. 
3) to put the scale of the overall costs between the high 
and low service provision into perspective. 
In the case of 1) above, the results for each layout type 
are following the same trends. For example consider the 
overall servicing costs for the sanitation option for India 
below; 
Sanitation option 1->5 
CLUSTER 1:1 backs 
High land cost Low land cost 
Option No.>> 1 5 % 1 5 % 
Plot m2 diff diff 
30 73 136 86 46 77 67 
50 85 152 79 51 85 67 
75 95 165 74 54 90 67 
100 105 177 69 57 95 67 
250 141 218 55 72 114 58 
500 237 329 39 96 150 56 
LINEAR 1:1 backs 
High land cost Low land cost 
Option NO.>> 1 5 % 1 5 % 
Plot m2 diff diff 
30 61 126 107 39 72 85 
50 71 140 97 43 79 84 
75 80 150 88 46 82 78 
100 895 160 80 4_9 87 78 
250 124 203 64 63 107 70 
500 211 304 44 84 140 67 
From the above example the following is noted for both 
cases 
i) there is an increase in the overall service costs with 
the adoption of the alternative service option 
ii) for high land cost, as the plot size increases, the % 
difference in overall service cost falls considerably 
i.e. approximately 50% in this case. 
iii) for low land cost the range of % difference in costs, 
with plot size, is small. 
For other service sectors the trends in the servicing costs 
are similar for both the layout cases. Therefore detailed 
analysis of the results need only be undertaken on one 
layout. This in effect reduces the investigation. The linear 
layout was thus chosen to continue the analysis. Tables 5.10 
to 5.18 and Tables 5.28 to 5.36. 
The result of 2) is that throughout 
irrespective of service option, the overall 
for the Cluster layout is approximately 17 
expensive then the Linear type . 
.<""I 
the analysis, 
service costs 
to 56 % more 
For 3), the costs are detailed in Graphs 6.1 to 6.3 for 
wholly high level service options. (See below for graph 
notation) 
The scale of additional cost of the wholly higher level 
service options is therefore quite apparent from the graphs 
presented over. This result generally agrees with the 
results of previous studies (Caminos H.,Goethert R. 1976) 
(Williamson G. 1982) (Bijilani H.U.,et al no date). The 
increases range between 41% to 122% depending upon the the 
case country concerned and thus clearly puts into 
perspective the range of overall servicing costs encountered 
within the scope of appropriate technology service options. 
Inter-regional Analysis 
It is apparent from the results of the analysis of each 
region and from the graphs 6.1, 6.2 and 6.3 that the actual 
overall service costs for both the Far East and India are 
similar. For example, for option No.2 and low land costs, 
the TACP over the plot size range varies from $45 to $107 in 
the Far East case and $40 to $85 for India. The African TACP 
is however higher at $144 to $297. Generally throughout the 
analysis the TACP for the alternative service option is more 
expensive for the case of Africa. 
Also from examination of the graphs 6.1, 6.2 and 6.3 the 
trends of the overall service costs in relation to the study 
variables are similar. This is particularly apparent where 
the choice of the alternative service option results in 
large differences in the costs. For example, consider the 
sanitation option only as an alternative.(Table 5.1, Primary 
level service option costs) and high land costs. The 
increase in the overall service costs range between 32% to 
97% over the plot size range for India and the Far East and 
for the African case between 34% to 57%. The trends here are 
apparent - that is for all the regions, there are large 
increases in the overall service costs with the percentage 
increase becoming less as the plot size increases. 
In the case of power supply, the differences in the overall 
service costs are small (see graph 6.6 and Table 5.1) and it 
is not necessarily clear that the trends in the costs are 
similar for the regions. However if reference is made to Fig 
6.3 it reveals that the option interactions only occur 
between the service land and the power supply sector - all 
other service costs remain unchanged for the adoption of the 
alternative service option. The physical changes that occur 
in the site layout will also be similar for all regions. 
Hence due to all these common factors in each of the regions 
and the fact that both the low level and the high level 
service option for the power supply are of the same physical 
length, it is therefore possible to gauge the prevailing 
trends in the overall service cost between the regions by 
consideration of the unit rate data. 
Assuming power supply poles at 20m centres, the cost per 
metre for the Far East and India are $12.50 and $15.90 
respectively. Adopting the underground option the respective 
costs are $17 and $22 (see Appendix B). The result is an 
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increase in cost of 36% for the Far East and 38% for India. 
In the case of Africa the increase due to the adoption of 
the alternative service option is 60%. Land costs have been 
taken as minimal to alleviate the effect of cancelling out 
the cost increases. (see Fig 6.3) and the operation and 
maintenance for this example is negligible. Hence the 
foregoing suggests that the trends in the overall servicing 
costs are similar for the regions with the African case 
being the more expensive. 
Analysis of the drainage sector reveals that there are 
similar trends between the regions as previously detailed. 
For example, in Table 5.1 option 1->19 the savings in the 
overall servicing costs for the high land cost case vary 
between 8% and 15% for the Far East and India, but only vary 
between 3% and 6% for Africa. 
From the above analysis it can be stated that irrespective 
of the study variables, the trends for all the regions are 
generally similar and in absolute costs terms the African 
case is the more expensive. 
Detailed Analysis of the Results 
In the following paragraphs the results are investigated in 
detail. It should be noted that the study is particularly 
concerned with the changes induced in the overall servicing 
costs due to the adoption of the alternative service option 
combinations. Detailed investigation of any particular 
service sector will therefore first involve review of the 
overall service costs. Subsequent investigation of the 
servicing costs will be directed at the Primary service 
level as all of the factors that are interactive between the 
service options occur at this service level. Where 
qualifying the reason for the change in the costs is 
required, an example is given to show such changes. 
The following notation or part notation where adopted, is 
used to identify the parameters in which the alternative 
service option is applied. 
Far East 
1->5 
linear 
30m2 
1:1 
high 
- case country 
- option alternative to the base option No.l 
- layout configuration (Clus - cluster layout) 
- plot size 
- plot ratio 
- land cost 
1) Single sector alternatives 
a) Sanitation (options 1->5 and 13->14, pits --> sewers) 
Throughout the analysis the sewers as an alternative to 
the pit latrine results in large increases in the overall 
service costs. These increases vary between 32% and 131% for 
the smaller plot sizes and between 15% and 111% for the 
larger plots. Graphs 6.4 to 6.5 detail the overall servicing 
costs utilising a pit latrine with those adopting a sewer as 
an alternative. 
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Therefore for this alternative no overall servicing cost 
reduction is obtainable. 
To investigate the reasons, a detailed analysis of the Far 
East case (Linear,30m2,1:1), options 1->5 and 13->14 
follows. This analysis is undertaken at the Primary service 
level. Tables 5.10 to 5.18 are utilised. 
Options 1->5 (refer Fig 6.1) 
For option No.1, lined drains are adopted for sullage 
disposal and surfaced roads are hence required for these 
drains. In option No.5, the adoption of sewers means that 
earth drains can be used as the sullage can be disposed of 
in the sewer. As a result larger drain reserves are required 
for option No.5 
A number of points were noted in the servicing costs; 
1) there is an increase in the costs of the service land. 
This is due to the adoption of earth drains for the 
back and the site accesses. i.e.the service width 
required for earth drains is 500mm as opposed to 200mm 
for lined drains at the backs and 1000mm as opposed to 
500mm on the site access road. 
2) there is a decrease in the costs of drainage and roads 
due to the requirement of earth type roads when a 
sewer is adopted. 
3) there are increases in the cost of sanitation, sewage 
treatment, water and water consumption. Sewage 
treatment and water consumption indicate substantial 
increases. This is due the requirements for treatment 
of the sewage and the additional amounts of water to 
operate the sewers successfully. The cost for sewage 
treatment is considerably affected, for the process 
chosen in this study, by the cost of the land. The 
other costs for treatment are capital and O&M cost of 
the treatment works. 
The relation between the cost of land and the 
treatment in this case is detailed below, the O&M 
being negligible for the chosen treatment process. 
Treatment Cost/plot= {641+(24.1xLC)} 
where 641 is the capital cost of the works per plot 
and LC the land cost.{all costs in Philippine Peso}. 
Thus with a change from low to high land costs i.e. 
10 to 200 peso/m2, the result will be a sixfold 
increase in the total treatment costs. 
From the foregoing on the influence of the treatment 
land costs, it follows that if the land costs could be 
reduced significantly then a saving in the servicing 
costs could be achieved. However in this case reducing 
the treatment land costs to zero still results in a 
36% difference in the total servicing cost between the 
base and alternative option -
cost/plot= P{641+(24.1xLC)}. Minimum cost /plot is 
when LC = 0 which is P641. When this is discounted and 
converted to the base comparison costs the ACP (annual 
cost per plot) for the treatment= $5.03. This reduces 
54 
the overall option No.5 cost to approximately $79, a 
36% increase over the initial option costs. 
Options 13->14 (no backs, 100m2) (see Fig 6.2) 
For this layout there is no problem with sullage disposal 
due to the adoption of larger plot sizes. The sullage is 
disposed of in either the soakpits or in the sewers. As a 
result there is no change in the layout with the choice of 
the alternative option. 
Analysis of the overall service costs reveals that there 
is no change in the service land, power, drainage or roads 
and access. The major increases in overall service costs 
occur, as above, from the sewage treatment and from the 
water consumption being 42% and 13% respectively. 
For both of the above option alternatives and a plot ratio 
of 1:4 the same mechanisms as in the case above cause like 
increases in the overall servicing costs. The same occurs 
with the other case countries. 
b) Power supply (options 1->10 and 13->15, 0/H --> U/G) 
A change to the alternative service option in this sector 
results in an approximate saving of 2% in the overall 
servicing costs at high land costs. For the low land costs 
an approximate increase in overall service costs occurs of 
4%. (Tables 5.28 to 5.36). Graphs 6.6 to 6.7 detail the 
change in overall servicing costs for the adoption of 
underground cables. 
Detailed analysis of the Far East case (linear,30m2,1:1) 
for option alternatives 1->10 and 13->15 follows; 
Option 1->10, (see Fig 6.3) 
The main feature with this option alternative is that when 
underground cables are chosen there is a change only in the 
service reserve. All other sectors remain constant, apart 
from the power sector itself. 
With high land costs the increases in the component cost 
due to the adoption of underground cables is offset by the 
reduction in the service land cost. The offsetting between 
the land and component costs will, as expected, not occur 
when the land cost is low. Observation of the results at low 
land costs reveals an increase of between 1 to 11% in the 
overall servicing costs. 
Option 13 ->15 
As with the preceding option case the same effects occur 
when there are no back access to the plots. 
An overall service cost saving for high land costs averages 
4% and similarly an average increase of 4% for low land 
costs. 
Therefore in the power supply case, overall cost savings 
can be obtained with high land costs. This is also the case 
for 1:4 plot ratios and all of the study countries. 
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c) Drainage (options 1->19,13->26, Formal drains-->R/D) 
Substantial savings in the overall servicing costs can be 
obtained by the alternative of 'road as drain' for the 
internal access roads as opposed to a formal drain system. A 
saving in the overall service costs is apparent throughout 
the analysis for this alternative option combination. 
The savings in overall servicing costs for all cases range 
between 2 and 25%. Graphs 6.8 to 6.9 detail the changes in 
the overall servicing costs due to adoption of "road as 
drain". 
Analysis of the Far East case (linear,30m2,l:l,high) option 
1->19 and 13->26 reveals for the service costs at the 
Primary service level; 
1) for option 1->19 (Fig 6.4) the saving on the drainage 
component is, as expected lost to the surfacing of the 
access road. 
2) for option 13->26 (no backs 100m2 plots). (Fig6.5) 
All of the saving in the drainage is lost to the cost of 
surfacing the roads. 
3) in both of these cases the cost effect of upgrading all 
the earth roads in options 1 and 13 to surfaced roads, 
results in a saving in the overall service cost. 
Therefore for the drainage alternative, savings in the 
overall servicng costs can be obtained throughout the 
analysis. 
2) Double sector alternatives 
(see results tables 5.28 to 5.36) 
a) Sanitation and Power (options 1->7, 13->16) 
In this case the effects on the servicing costs of the 
sanitation alternative result in similar overall servicing 
costs to the sanitation sector alone. 
Therefore overall cost savings cannot be obtained. Graphs 
6.10 to 6.11 detail the changes in the overall servicing 
costs due to the alternative service options - sanitation 
and power. 
b) Drainage and Power (options 1->20, 13->28) 
Combining drainage and power result in overall service cost 
saving ranging from 1 to 45%. 
Graphs 6.12 to 6.13 detail the changes in the overall 
servicing costs due to the alternative service options -
drainage and power. 
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c) Sanitation and Drainage (option 1->23, 13->27) 
The effect of the drainage alternative on this 
alternative combination is to reduce the cost influence of 
the sanitation alternative throughout the analysis. For 
example in the Far East case (linear,30m2,high land 
costs,l:l,backs), there is for sanitation alone a 82% 
increase in overall servicing cost which drops to 67% due to 
the influence of the drainage saving. 
Therefore the effect of the sanitation costs is to 
outweigh the savings made in the drainage sector and overall 
service cost saving cannot be achieved. 
Graphs 6.14 to 6.15 detail the change in the overall 
servicing costs due to the alternative service options 
sanitation and drainage. 
3) Triple sector alternatives 
a) Sanitation, Drainage and Power 
As in 2c) above, the same effect on the 
servicing costs occurs due to the sanitation. 
Again for the reasons as in 2c) overall cost 
cannot be obtained. Graphs 6.16 to 6.17 detail the 
to the overall service costs for the alternative 
options - sanitation, power and drainage. 
4) General observations 
overall 
savings 
changes 
service 
These general observations were carried out to qualify 
the validity of the traditional servicing concepts in the 
context of OSD. The following paragraphs investigate the 
change in the servicing costs due to a change in the study 
variables. i.e. plot ratio, layout and plot size vary, but 
the service options remain constant. 
a) plot ratio 
Higher plot ratios (1:4) are cheaper to service than low 
ratios as would be expected, due to the reduced frontage. 
This occurs irrespective of plot size, layout type or land 
cost. See graphs 6.18 to 6.23. 
From Graphs 6.18 the difference in overall service costs, 
with respect to plot ratio, for the Cluster layout and high 
level service provision( i.e. Option No.5) is 9% to 17%. 
Similarly for the Linear layout, Graph 6.19 the difference 
in overall cost is 17% to 45%. 
From the Graphs 6.20 to 6.24 a number of points are noted 
with respect to alternative plot ratio: 
i) the effect on the percentage difference in the overall 
service cost is generally not sensitive to land cost. 
ii) the effect on the percentage difference in the overall 
service costs is less for smaller plot sizes irrespective 
of layout or land cost. 
iii) the effect on the percentage difference 
service costs due to plot ratio is generally 
in overall 
unaffected 
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by the choice of either low or high service provision 
options. 
Increasing the plot ratio results in an increase in the 
length of the long side of the plot. If at the end of a row 
of plots there is an access road parallel to the plot 'long' 
direction with service options of a high service level, then 
the cost attributable to each plot may rise when the plot 
ratio is increased. This was detailed previously in Chap 2.5 
b). This factor was not apparent in the analysis, due to an 
optimum number of plots and service options and levels of 
service chosen. 
b) layout 
Linear layouts are cheaper to service than Cluster 
layouts irrespective of plot ratio and plot size. A 
comparison between graphs 6.18 and 6.19 reveal that in both 
land cost cases linear layouts are cheaper throughout the 
plot size range. A general inspection of the tables for the 
overall service costs Table 5.19 to 5.36 reveal that for a 
plot ratio of 1:1, the Cluster is more expensive by 17% to 
36% over all of the service options. Similarily for the 1:4 
plot ratio the Cluster is more costly by 25% to 56%. 
The main reason that the Cluster layout is more expensive 
to service is due to the shape of the layout and hence the 
additional service lengths required to service the internal 
plots. 
c) plot size 
As expected the larger the plot size the more costly it 
to serv~ce. The results Tables 5.1 to 5.36 detail 
differences in costs for various plot sizes. 
The difference in costs bewtween a 30m2 and a 500m2 
size, range from approximately 200% to 300% throughout 
analysis for all service sector options or combination 
options. 
is 
the 
plot 
the 
of 
It may be noted that on Graph 6.5 for low land cost the 
curves are converging as the plot size becomes larger. This 
suggests that at a very large plot size the sewer 
alternative will be cheaper than the pit option. However 
the plot size and the servicing cost will be large and 
therefore out of the scope of low income communities and 
thus out of the scope of this study. 
6.3 Option Interactions 
The effects of the interactions between the service options 
are highlighted in this study. Chapter 3.2 detailed typical 
interactions between the service options. In this chapter 
the cost effects on the servicing costs of the interactions 
between the base option and its alternative is investigated. 
However to investigate completely all of the effects for all 
of the service combinations would be time consuming. 
Therefore a sample range of option alternatives, that will 
demonstrate the effects of the service option interactions 
on the servicing costs, are analysed. 
The following paragraph 
option interactions for 
alternatives in the context 
details the particular 
each of the service 
of this study. 
service 
option 
1) Sanitation. 
When a 
interactions 
Service 
Sector 
Service 
land 
Drainage 
Roads 
Sanitation 
Water 
Supply 
Power 
Supply 
sewer replaces a pit the following 
occur within each service sector. 
main 
Layouts 
Backs 
Drainage reserves 
increase. 
Earth drains 
replace lined drains. 
Earth roads 
replace surfaced 
roads. 
Adoption of sewerage 
and sewage treatment. 
House connection 
required. Increased 
water consumption. 
No change. 
No backs 
No change to reserves. 
No change to drain 
type. 
No change to road 
surface. 
Adoption of sewerage 
and sewage treatment. 
House connection 
required. Increased 
water consumption. 
No change. 
2) Power Supply. 
When underground cables 
following main interactions 
sector. 
replace overhead lines the 
occur within each service 
Service 
Sector 
Service 
Land 
Power supply 
All other 
sectors 
Backs 
Reserves for power 
pole clearance are 
not required. 
Layouts 
No backs 
Reserves for power 
pole clearances are 
not required. 
adoption of underground cables 
No change No change 
3) Drainage 
When a combination of lined drains and 'road as drain' 
substitutes earth drains the following main interactions 
occur within each of the service sectors. 
Service 
Sector 
Service 
Land 
Drainage 
Roads 
All other 
Layouts 
Backs No backs 
No change No change 
Adoption of lined drains and 'roads as drain' 
Front access requires 
surfacing. 
No change 
All roads require 
surfacing. 
No change 
The previous Chapter 6.2 explained the changes in the 
sector costs due to the alternative service option in 
relation to the costs for the base service option. The 
following investigates the changes in the costs in relation 
to each particular service sector due to the adoption of the 
alternative service option. That is the effect of the option 
interactions on the costs of each service sector 
Figs 6.6 and 6.7 detail the typical percentage sector cost 
changes. The tables have been compiled by considering a base 
condition and detailing the resulting change in the service 
costs due the adoption of the alternative service option. 
Then for a consecutive change, (1) to (4), in the base 
condition parameters the costs are then detailed due to the 
adoption of the alternative service option. 
For example consider Table 6.9 and the sanitation 
alternative. The percentage increase in the service land 
due to the adoption of the alternative service option is for 
the base condition 7%. For the same base condition but with 
low land cost the changes in the service land due to the 
adoption of the alternative service option is also a 7% 
increase (note that the detailed % cost changes are not due 
to the change in land costs but due to the change in service 
option.) Therefore the percentage cost change in the 
service land due to the alternative service option for the 
condition -(30m2,l:l,Lin,High) is 7% and for the condition -
(30m2,1:1,Lin,Low) is also 7% . Hence it can be said that 
when the land cost is either low or high there is a similar 
percentage change in this service sector cost due to the 
hn 
adoption of the alternative service option, in this case 
sewers instead of pit latrines. 
From Tables 6.9 and 6.10 the following features are 
apparent. 
A) Sanitation. 
1) The influence of the sanitation interactions on the 
water supply, for both layouts with and without back 
accesses, is clearly evident. The lowest increase of 94% 
occurs, when the pit are replaced with sewers, for the 
cluster layout (30m2,l:l,Clus,High,backs) and the 
highest cost change of 194% when the plot size is 
500m2. 
2) The increase in the land cost due to the adoption of 
sewers over all conditions is betweeen 5% to .9% for 
layouts with backs. 
3) There is approximately a saving of a third of the 
sector cost for drainage when the sewers are adopted, 
irrespective of the alternative conditions, for layouts 
with back accesses. 
4) Roads show a saving between 10% and 22% when the 
alternative service option is adopted, for layouts with 
back accesses. 
5) Large differences in cost change for the sanitation 
sector, with respect to land cost, is very apparent. 
When sewers are adopted the increase in cost at high 
land costs is four times as great as the adoption of 
the alternative service option at low land cost. This 
same rise in cost difference occurs for both layouts 
with and without backs and eminates from the cost of 
the land required for the sewage treatment. 
B) Power 
1) the effects of the option interactions on the costs of 
the service land due to the adoption of underground 
cables, result in a saving between 5% and 13% of the 
land reserve cost. 
C) Drainage 
1) there is no change in the service land for layouts 
with back accesses for the adoption of the alternative 
service option, even though the drain in the front 
access has been omitted. The reserve is required for 
the power pole clearance (see Fig 6.4). A 1% to 6% 
saving occurs for layouts with no backs. This is due to 
the change of drain type in the site access. (see Fig 
6. 5) . 
ll 
2) A saving in the drainage sector of 8% to 11% occurs 
for layouts with backs. This is due to the omission of 
the front access drain. A saving of between 7% to 16% 
occurs when there are no back accesses. 
From the 1 Figs '· 6 .f. to 6. q. it can be seen that the 
increase in sector cost due to the adoption of the 
alternative service option are within a small range over the 
base and alternative conditions for service land, drainage 
and roads. For example the increased costs in the service 
land for the pit--> sewer alternative can said to be around 
7% irrespective of the base condition parameters. 
Investigation into the other case countries reveals a 
similar range of cost differences for the the effects of the 
service option interactions due to the adoption of the 
alternative service option. 
Another factor apparent with respect to the effect of the 
interactions on the overall service costs is that when an 
alternative service option is applied in all of the. service 
sectors, the overwhelming effect of the sanitation on the 
overall service costs is somewhat reduced in comparison 
with an alternative applied in the sanitation sector alone. 
This is evident from comparison of graphs 6.4 and 6.16 and 
highlights that it is not necessarily the choice of the 
individual sector option that is important with respect to 
the effect on the overall service costs, but the range of 
service options chosen. 
Consider Option No.l and 23 (see Table 4.2). In the case of 
Option 1 lined drains are required for the external and back 
access due to the options interactions (sullage in lined 
drains) . This is not the case for Option 23 (sullage in the 
sewer) . Therefore since the road-as-drain in option 23 is 
cheaper than the formal drain system of option No.l, the 
cost for this high level of service provision is reduced in 
comparison. Therefore it follows that if the Road-as-Drain 
option was considerable cheaper, then the overall service 
cost for the high service provision could be reduced to 
less that the low level of service provision. It must be 
noted that this is dependant upon the interactions between 
the service options. i.e. in the above case the sullage has 
to be disposed of in the lined drains since the plot size is 
less than 100m2. (In this study for less than 100m2 plot 
size, sullage disposed of-site) . It would not occur for plot 
sizes greater than 100m2 as the road-as-drain could also be 
adopted with the pit latrine range of options. (see Options 
2 6 and 27) . 
Backs 
SANITATION Pie -> Sewer Opt:ion 1 -> 5 
Base Condit:ion---->>>>>30m2. 1:1. Lin. High 
% Increase in Sect:or Cost:s 
due t:o change t:o a Sewer 
Alternat:ive Condit:ions 
Service 
Sect:or 
Serv Land 
Drainaqe 
Roads 
Sanitat:ion 
Water 
Power 
Base 
:condition 
7.00 
-34.00 
-15.00 
417.00 
127.00 
0.00 
(1) 
Low 
Land 
Cost: 
7.0 
-34.0 
-15.0 
104.0 
127.0 
0.0 
( 2) ( 3) 
Plot: 
Clust 
Layout: 
7.0 
-35.0 
-17.0 
484.0 
94.0 
0.0 
Size 
500m2 
5.0 
-34.0 
-10.0 
594.0 
194.0 
0.0 
POWER 0/H -> U/G Option 1 -> 10 
Base Condition---->>>>>30~2. 1:1. Lin. High 
Service 
Secl:or 
Serv Land 
Drainage 
Roads 
% Increase in Sect:or Costs 
due eo chanae t:o underaround cables 
Base 
:condition 
-13.00 
-1.00 
-1.00 
( 1) 
Low 
Land 
Cost: 
-13.0 
-1.0 
-1.0 
Alternative Condit:ions 
( 2) ( 3) 
Plot 
Cl use Size 
Layout 500m2 
-11.0 -5.0 
-1.0 0.0 
-2.0 0.0 
Sanitation: 0.00 0.0 0.0 0.0 
Waeer 0.00 0.0 0.0 0.0 
Power 145.00 145.0 146.0 145.0 
( 4) 
Plot: 
Ratio 
1:4 
9.0 
-39.0 
-22.0 
406.0 
116.0 
0.0 
( 4) 
Plot: 
Rat:io 
1:4 
-11.0 
-1.0 
-1.0 
0.0 
0.0 
146.0 
----------------------------------------------------------
Fia 6.6 % Increase in Cost:s due t:o Opeion Interact:ions 
Layout:s with backs. SANITATION and POWER 
------------- -------
Backs 
DRAI!IAGE EARTH -> LINED/R as D Option 1 -> 19 
Base Condition---->>>>>30m2. 1:1, Lin, High 
% Increase in Sector Costs 
due to chan9e to lined and Road as Drain 
Alternative Conditions 
( 1) ( 2) ( 3) ( 4) 
Low Plot Plot 
Service Base Land Clust Size Ratio 
Sector :condition Cost Layout 500m2 1:4 
Serv Land 0.00 0.0 0.0 0.0 0.0 
Drainage -79.00 -79.0 -72.0 -87.0 -60.0 
Roads 19.00 19.0 17.0 26.0 12.0 
Water 0.00 0.0 0.0 0.0 0.0 
Power 0.00 0.0 0.0 0.0 0.0 
Fia 6.7 % Increase in Costs due to Option Interactions 
Layouts with backs. DRAINAGE 
no Backs 
SANITATION Pit -> Sewer Option 13 ->14 
Base Condition---->>>>>100m2. 1:1. Lin. High 
% Increase in Sector Costs 
due to change to a sewer 
Alternative Conditions 
( 1) ( 2) ( 3) ( 4) 
Low Plot Plot 
Service Base Land Clust Size Ratio 
Sector :condition Cost Layout 500m2 1:4 
----------------------------------------------------------
Serv Land 0.00 0.0 0.0 0.0 0.0 
Drainage 0.00 0.0 0.0 0.0 0.0 
Roads 0.00 0.0 0.0 0.0 0.0 
Sanitation 304.00 80.00 370.0 398.0 290.0 
Water 145.00 145.0 96.0 194.0 125.0 
Power 0.00 0.0 0.0 0.0 0.0 
----------------------------------------------------------
POWER 0/H -> U/G Option 13 -> 15 
Base Condition---->>>>>100~2. 1:1. Lin. Hiah 
Service 
Sector 
% Increase in Sector Costs 
due to change to underground cables 
Base 
Condition 
(1) 
Low 
Land 
Cost: 
Alternative Conditions 
( 2) ( 3) 
Plot 
Clust 
Layout 
Size 
500m2 
( 4) 
Plot 
Ratio 
1: 4 
----------------------------------------------------------
Serv Land -10.00 -9.0 -6.0 -6.0 -8.0 
Drainage 0.00 0.0 0.0 0.0 0.0 
Roads 0.00 0.0 -1.0 0.0 0.0 
Sanitationl 0.00 0.0 0.0 0.0 0.0 
Water 0.00 0.0 0.0 0.0 0.0 
Power 145.00 145.0 145.0 145.0 145.0 
----------------------------------------------------------
Fia 6.8% Increase in Coscs due to Option Interactions 
Layouts with no backs. SANITATION and POWER 
No Backs 
DRAINAGE EARTH -> LINED Option 13 -> 26 
Base Condition---->>>>>100m2, 1:1, Lin, High 
% Increase in Sector Costs 
due to change to Lined and Road as Drain 
Alternative Conditions 
(1) ( 2) ( 3) ( 4) 
Low Plot Plot 
Service Base Land Clust Size Ratio 
Sector :condition Cost Layout 500m2 1:4 
----------------------------------------------------------
Serv Land -1.00 -1.0 -6.0 -1.0 -4.0 
Drainage 39.00 39.0 25.0 31.0 57.0 
Roads 41.00 41.0 42.0 40.0 45.0 
Sanitation: 0.00 0.0 0.0 0.0 0.0 
vlater 0.00 0.0 0.0 0.0 0.0 
Power 0.00 0.0 0.0 0.0 0.0 
----------------------------------------------------------
"~a 6.9 % Increase in Costs due to Option Interactions 
Layouts with no backs. DRAINAGE 
CHAPTER 7.0 
CONCLUSIONS 
7.1 Introduction 
In Chap 2.3 the objective of the study was stated; to 
determine if high level of service option combinations could 
be introduced at the outset with reduced overall servicing 
costs. This was tested by considering the possible trade 
offs between service land, the capital, operation and 
maintenance of the service options and the interactions 
between the respective service options. To make such an 
analysis possible the OSD process was created and resulted 
in the compilation of a comprehensive set of output data. 
From the analysis of this data the following conclusions are 
drawn. 
7.2 Conclllsjqns 
Reduction in Overall Service Costs 
1) Sanitation 
With the adoption of sewers over pit latrines large 
increases in the servicing costs occur. These differences 
in general resulted in an increase of 15% to 131% for all 
the variables investigated. 
The fact made apparent for sanitation is that the pit 
latrine is the significant service option as far as 
reduced overall service costs are concerned. Therefore 
the adoption of the Pit latrine as an appropriate optimum 
alternative is most certainly warranted. 
The use of the Pit Latrine in rural, semi-rural areas is 
well documented and understood. There is however a need 
to investigate its use in urban context, particularly in 
settlements of high housing density. Factors for 
investigation would include pollution zone influence, 
vent pipe performance with regard to house proximity and 
pit operation and maintenance characteristics. 
Another important factor in this service sector is the 
effect of the land cost with regard to the chosen sewage 
treatment method. At low land costs the land component 
represents around 30% of the treatment cost rising to 
around 90% for high land costs. However if the land costs 
are reduced to zero there will still be a significant 
increase in the service costs due to the cost of the 
physical components for the treatment process. 3 6% in the 
case analysed. 
When the other service sectors are combined with 
sanitation the overall servicing costs still remain 
relatively high. Again this is due to the effects of the 
sanitation, sewage treatment and water consumption 
components. 
Therefore substituting sewers for pits in no 
{7.._ 
circumstance can be provided at reduced overall servicing 
cost. 
2) Power Supply 
Underground cables as opposed to overhead lines can be 
substituted at reduced overall servicing costs when 
the land costs are high. An increase in service costs 
occurs when the land cost is low. However these changes 
in the overall service costs are not significant, 
generally a 4% increase throughout the analysis. 
When this alternative is combined with the drainage 
sector the overall saving in the drainage component is in 
most cases reduced slightly. However when combined with 
the sanitation sector the effects of the sanitation costs 
greatly outweigh the savings in this sector. 
Therefore for power supply there is very little 
difference in overall service costs with respect to 
choice of technology. Factors such as safety, ease of 
maintenance and space for transformers for the 
underground cable option are now the influencing factors 
for option choice. 
3) Drainage 
Road as drain as an alternative to formal drains can 
be adopted at reduced overall servicing costs. The 
savings in overall service costs range from 2% to 25%. 
There are however a number of factors predetermining the 
extent to which this option can be utilised. These 
factors are the class and construction of road adopted 
for such a system, the storm to be catered for and the 
inconvenience to the community. 
When combined with the sanitation sector the effects of 
the sanitation outweigh the savings made in this sector. 
4) Wholly high service provision 
Wholly high levels of service i.e. a high service 
prov~s~on for all service sectors combined, cannot be 
adopted at reduced overall service cost principally due 
to the effect of the sanitation sector cost. The % 
increases in the overall sevice cost range from 41% to 
122%. 
General servicing concepts 
a) Plot Ratio 
High plot ratios(l:4) are cheaper to service than low 
ratios irrespective of plot size, layout or land cost. 9% to 
45% cheaper throughout the analysis. 
b) Layout 
Linear layouts are cheaper to service than Cluster types 
for all the variables investigated. 17% to 56% cheaper. 
c) Plot size 
Larger plots are more expensive to service. Generally 
throughout the analysis a 500m2 plot is 2 to 3 times more 
costly to service than a 30m2 plot. 
Option Interactions 
In the study of option interactions the cost changes are 
investigated in each service sector due to the adoption of 
the respective service option alternative with respect to 
the base condition. 
The following conclusions are therefore drawn with respect 
to the base condition. 
1) When a sewer is adopted to a pit latrine the following 
occurs in each service sector: 
a) The cost for the 
sensitive to the 
layouts with backs. 
service 
plot size 
land 
and 
is particularly 
plot ratio for 
b) Drainage cost is particularly sensitive to plot 
ratio for layouts with backs. 
c) Road cost is particularly sensitive to plot size and 
plot ratio for layouts with backs. 
d) Sanitation cost is particularly sensitive to land 
costs for both layouts with and without backs. 
e) Water 
layout 
without 
supply cost is particularly sensitive 
and plot size for both layouts with 
backs. 
to 
and 
f) Power supply is not affected by the interactions 
through the adoption of sewers. 
2) When underground cables are adopted to overhead lines the 
following occurs in each service sector: 
a) The interactions only affect the cost for the 
service land in this service sector. 
b) The cost 
sensitive 
plot size 
for the service land is particularly 
to plot size for layouts with backs and 
and layout for layouts with no backs. 
c) Power supply cost is not sensitive to any of the 
study conditions. 
3) When Road-as-Drain is adopted to Formal drain the 
following occurs in each service sector: 
a) The option interactions in this sector only affect 
Drainage and Roads. 
b) Road cost is particularly sensitive to plot size and 
plot ratio for layous with backs. 
c) Drainage is particularly sensitive to layout and 
plot ratio for layouts without backs. 
Considering the above,the study has demonstrated that the 
important factors for consideration with respect to overall 
service costs are the plot size and the choice of service 
option. 
Though it was realised at the outset that there will be an 
effect on the servicing costs due to increasing plot size, 
the study has revealed the significance of such an increase. 
The study has also identified how the adoption of particular 
service options effect the overall service cost and whether 
savings can be obtained with various service options or 
combinations of options. In additon the effects on the 
service costs with respect to the choice of option in a 
chosen range, i.e. the option interactions, are highlighted 
by the study. 
Validity of the Hypothesis and Study Limitations 
The hypothesis stated that "through the process of 
optimisation the service provision, can high level service 
options(s) be introduced at the outset and at reduced 
overall service cost, by trading off between the service 
land, capital, operation and maintenance cost and accounting 
for the option interactions"? 
The study has revealed that in the case of a range 
service options that adopts a high service level 
sanitation, the hypothesis is not proven. However in 
of 
for 
the 
be case of the power and drainage sectors savings can 
obtained and therefore for these sectors the hypothesis is 
valid. 
In the study a number of assumptions have been made with 
respect to site layout and service option choice. 
The main limitation with the site layout arises from the 
assumption of the site layout boundary under consideration. 
i.e. the study was accomplished at housing cluster level. 
Analysis at this level generally limits account to be taken 
of the effects of the whole site development. i.e. the cost 
per plot for provision of main collectors or distributors 
for example, are not accounted for. It was however felt that 
a less complicated approach to the study was appropriate 
which undertook the analysis at housing cluster level, 
leaving the investigation at site development level for 
future study. The reasons for this are; 
a) all of the OSD processes occur at the housing cluster 
level 
b) the choice of appropriate technology options relate more 
to the housing cluster level rather than site 
development level, where the collectors/distributors are 
more likely to be conventional service options. (i.e. 
( (. 
shallow sewers for the housing clusters and conventional 
sewerage for the collectors) 
With respect to the choice of fundamental service option, 
there are two areas where it is felt there are significant 
limitations. 
a) the choice of the particular service option. 
Fundamental service options have been adopted in the 
study which represent either a high or a low service 
level. i.e. the pit latrine is representative of the low 
service level option range and sewers or the high 
service level. In practice there is a wide range of 
other service options and adaptations, together with 
their appropriate interactions that may have some 
implications on the overall service costs. 
b) offsite infrastructure. 
The particular example is the choice of the sewage 
treatment. The study has adopted waste stabilisation 
ponds as the representative option. In practice it is 
more likely that the adopted strategy for sewage 
treatment would involve direct connection into the City 
sewerage system. Hence the costs for treatment of the 
sewage is subject to considerable variation. 
These above limitations arise from the requirement to 
account for site specifics which was not possible in this 
case due to the mode of the study. 
It is hoped that the results of this study will be adopted 
in practice to achieve optimum and affordable solutions for 
the servicing of low income settlements. 
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Power 1)10 fAR EAST AFRICA !Ml!A 
HiQh Land Cost 
' 
Low Land Cost ' HiQh I.Bnd Cost ' Low Lend Cost ' High Land Cost ' Low Land Cost 
' OPtion No.)) I 10 diff I 10 diff I 10 diff I 10 diff I 10 diff I 10 diff 
Plot 112 
30 75 74 -I 44 46 5 175 176 I 142 148 4 65 65 0 38 41 8 
50 89 88 -I 50 53 6 197 199 I !55 162 5 76 77 I - 42 46 10 
75 103 103 0 55 59 7 218 223 2 168 176 5 87 89 2 45 51 13 
100 ll6 117 I 59 65 10 237 243 3 179 189 6 96 99 3 48 55 15 
250 !56 !57 I 76 83 9 298 308 3 214 229 7 127 132 4 58 67 16 
500 275 277 I Ill 120 8 456 470 3 283 304 7 219 226 3 78 90 15 
Drain tll9 fAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost ' Hi!lh Land Cost ' Low Land Cost 
' 
High Land Cost 
' 
Low Land Cost ' 
Ootion No.)) I 19 diff I 19 diff I 19 dill I 19 dilf I 19 dill I 19 difl 
Plot m2 
30 75 69 -8 44 40 -9 175 170 -3 142 139 -2 65 58 -ll 38 33 -13 
50 89 81 -9 50 44 -12 197 189 -4 !55 ISO -3 76 67 -12 42 35 -17 
75 103 93 -10 55 48 -13 218 208 -5 168 160 -5 87 75 -14 45 36 -20 
lOO ll6 103 -11 59 51 -14 237 224 -5 179 169 -6 96 83 -14 48 38 -21 
250 156 137 -12 76 62 -18 298 279 -6 214 200 -7 127 108 -15 58 43 -26 
500 275 252 -8 Ill 96 -14 456 432 -5 283 265 -6 219 194 -ll 78 59 -24 
Wlitetion 1)7 FAR EAST 
Power 
Hi\11 Land Cost 
' 
Low Land Cost \ 
ODtion No.)) 1 7 d!fl 1 7 dill 
Plot 12 
30 75 133 77 44 82 86 
50 89 151 70 50 93 86 
75 103 168 63 55 103 87 
100 116 184 59 59 114 93 
250 156 233 49 76 145 91 
500 275 365 33 111 214 93 
Ore in 1)20 FAR EAST 
Power 
High lend Cost 
' 
Low Lend Cost \ 
Ootion No.)) 1 20 dill 1 20 dill 
Plot D2 
30 75 65 ·13 44 w -5 
50 . 89 76 ·15 50 46 ·8 
75 103 87 ·16 55 51 -7 
100 116 96 ·17 59 55 -7 
250 156 128 ·18 76 68 ·11 
500 275 240 ·13 111 104 ·6 
Orein 1l23 FAR EAST 
Sanitation 
High lend Cost 
' 
Low lend Cost ' 
Ootion No.)) 1 23 diff 1 23 diff 
Plot 112 
30 75 129 72 
" 
69 57 
50 89 144 62 50 75 50 
75 103 159 54 55 82 49 
100 116 171 47 58 88 52 
250 156 214 37 76 108 42 
500 275 342 24 111 152 37 
Totel cost oer olot USI 
AFRICA 
. '- ,., ~-- :~:~"':·.~·.:. ",~ ;:~-,-_~:if_·>:;i-','-,<_~ ..... ~-{~: .• ~-: ': -:-:-----
1_., 
·;,.· 
·, .. ' _,.. . . ,.-· '-·.- . ' . ' .. 
. ~- -.-. , . 
. . .,· .. · . 
..... ... ',. 
lrtl!A' 
;.- ·. 
~- -
High lend Cost \ Low Lend Cost \ HIQI\ l,d't~st t . :tw·Lend Cost \ 
1 7 dill 1 7 dill 1 11 dill. "'1 \.:' 7 . dill 
175 266 
197 296 
218 325 
237 351 
298 435 
456 624 
52 142 230 
50 155 250 
49 168 270 
48 179 287 
46 214 345 
37 283 "' 
AFRICA 
62 
61 
61 
60 
61 
57 
High Lend Cost \ Low lend Cost \ 
1 20 dill 1 20 dill 
175 168 ·4 142 143 1 
197 187 ·5 155 156 1 
218 206 ·6 168 168 0 
237 222 ·6 179 178 ·1 
296 277 ·6 214 214 0 
456 430 ·6 283 282 0 
AFRICA 
High Lend Cost \ low lend Cost 
' 1 23 diff 1 23 dill 
175 263 50 142 226 59 
197 290 47 155 244 57 
218 317 45 168 262 56 
237 339 43 179 277 55 
298 417 40 214 /331 55 
456 627 38 283 454 60 
65tl2'1 
76 tU2 
87 tU6 
96 !US 
127 21116 
219 '!HJI 
(~:: .. ~:··' 
98. 3s :n 89 
87 .. · .,2 78 86 
79 45 84 87 
75.·U89 ss 
'62 58 106 83 
lO 78 133 71 
.. 
I M> lA 
High Lillfld Cost 
' 
low lend Cost 
' 1 ;i((l dill 1 20 dill 
65 '56 ·14 38 36 -5 
76 64 -16 42 39 ·7 
87 ·n ·17 45 42 ·7 
96 eo ·17 48 
" 
·8 
127 :!04 ·18 58 52 ·10 
219 ::as ·14 78 71 ·9 
IM>IA 
High Lar<Hi Cost \ low lend Cost \ 
1 ~3 d!fl 1 23 dill 
65 ~20 85 38 64 68 
76 )31 72 42 67 60 
87 m 62 45 73 62 
96 )49 55 48 82 71 
127 )79 41 58 82 41 
219 770 23 78 102 31 
I 
Total cost Der Dlot USI 
Drain 1>25 FAR EAST AFRICA 
Sanitation 
P011er 
High Land Cost 
' 
LOll Land Cost ' High Land Cost ' L011 Land Cost ' 
ODtion No.)) I 25 diff I 25 diff I 25 diff I 25 diff 
Plot ~2 
30 75 125 67 44 70 59 175 261 49 142 230 62 
50 89 138 55 50 77 54 197 288 46 !55 250 61 
75 103 !52 48 55 85 55 218 314 44 168 270 61 
100 116 164 41 58 91 57 237 337 42 179 287 60 
250 !56 205 31 76 113 49 298 415 39 214 344 61 
500 275 329 20 Ill 160 44 456 624 37 283 473 67 
CLUSTER I :I No Backs 
Sanitation 13l14 FAR EAST AFRICA 
High Land Cost I Low Land Cost I High Land Cost I L011 Land Cost I 
ODt!on No.)) 13 14 diff' 13 14 dlff 13 14 diff 13 14 dlff 
Plot m2 · 
100 95 162 71 51 86 69 212 316 49 165 264 60 
250 125 201 61 60 106 77 257 385 50 189 311 65 
500 230 319 39 87 146 68 394 552 40 243 396 63 
Power 13>15 FAR EAST AFRICA 
Hlllh Land Cost I Low Land Cost I High Land Cost I Low Land Cost ' 
0Dtion No. l) 13 15 diff 13 15 diff 13 15 diff 13 15 diff 
Plot m2 
100 95 96 I 51 55 8 212 218 3 165 175 6 
250 125 126 I 60 67 12 257 267 4 189 204 8 
500 230 232 I 87 96 10 394 407 3 243 264 9 
..... ~~o 0 ""!;A '·\ <,~'·""-
' ;·: Cf 
.,,, .. 
. ·,·,,, 
INDIA 
High Land Cost ' Low Land Cost I 
I 25 dlff I 25 di ff 
65 118 82 38 67 76 
76 128 68 42 71 69 
87 138 59 45 75 67 
96 145 51 48 78 63 
127 174 37 58 91 57 
219 264 21 78 114 46 
INDIA 
High Land Cost I L011 Land Cost I 
13 14 diff 13 14 diff 
80 145 81 42 76 81 
104 173 66 48 87 81 
185 260 41 62 107 73 
INDIA 
High Land Cost ' LOO< Land Cost 
' 13 15 diff 13 15 diff 
80 83 4 42 48 14 
104 108 4 48 57 19 
185 192 4 62 75 21 
.· ! 
I 
I 
I 
Drain 13)26 FAR EAST 
High land Cost ' Low land Cost ' 
Ootion No.)) 13 26 diff 13 26 diff 
Plot 112 
100 
250 
500 
95 93 
i25 122 
230 229 
Slrlitation 13H6 
Power 
High Land Cost 
Ootion No.)) 13 16 
Plot m2 
100 95 163 
250 125 202 
500 230 321 
Drain !3)28 
Power 
High Land Cost 
Ootion No.)) 13 28 
Plot m2 
lOO 95 87 
250 125 113 
500 230 217 
Drain 13)27 
Sanitation 
High Land Cost 
Ootlon No.)) 13 27 
Plot m2 
100 95 !59 
250 125 198 
500 230 319 
-2 51 51 0 
-2 60 61 2 
0 87 92 6 
FAR EAST 
' 
Lou Land Cost 
' diff 13 16· diff 
72 51 91 78 
62 60 112 87 
40 87 !59 83 
FAR EAST 
' 
Lou Land Cost % 
diff 13 28 diff 
-8 51 55 8 
-10 60 67 12 
-6 87 101 16 
FAR EAST 
' 
Lou Land Cost % 
diff 13 27 diff 
67 51 87 71 
58 60 106 77 
39 87 !51 74 
Tohl cost oer olot USI 
AFRICA 
High Land Cost ' Low land Cost ' 
13 26 diff 13 26 diff 
260 214 -18 165 170 3 
398 329 -17 189 196 4 
394 476 . 21 243 253 4 
AFRICA 
High Land Cost % Low Land Cost % 
13 16 diff 13 16 diff 
212 323 52 165 274 66 
257 394 53 189 326 72 
394 566 44 243 417 72 
AFRICA 
High Land Cost % Lou Lm Cost ' 
13 28 diff 13 28 diff 
212 212 0 165 179 8 
257 258 0 189 210 11 
394 395 0 243 273 12 
AFRICA 
High Land Cost 
' 
Low Land Cost 
' 13 27 diff 13 27 diff 
212 319 50 165 269 63 
257 388 51 189 318 68 
394 586 49 243 436 79 
Servi~~ i~?~ion Costs 
.· 
.,,> .... ·· 
. IN>IA 
High Land Cost ' Lowland Cost ' 
13 26 diff . 13 26 diff 
80 74 -8 
104 96 -8 
185 175 .• -5 
42 38 
48 42 
62 57 
·10 
-13 
-8 
!M> IA 
High Land Cost % Low Land Cost % 
13 16 diff 13 16 diff 
80 149 s6 42 82 95 
104 178 71 48 96 100 
185 267 44 62 119 92 
IN> lA 
High Land Cost ' Low Land Cost % 
13 28 diff 13 28 diff 
80 71 -11 42 43 2 
104 90 -13 48 51 6 
185 169 -9 62 69 11 
I m> IA 
High Land Cost % Lou land Cost % 
13 27 diff 13 27 diff 
80 139 74 42 72 71 
104 164 58 48 81 69 
185 250 35 62 101 63 
Drain 13)29 
SMitation 
Power 
HiQh Lend Cost 
Ootion No.)) 13 29 
Plot ;2 
100 9S !53 
2SO 125 188 
500 230 306 
CLUSTER 1:4 Sacks 
Sanitation 1>5 
Hi9h Land Cost 
Ootion No.)) I 5 
Plot m2 
30 63 122 
so . 74 !35 
75 85 148 
100 93 160 
250 126 200 
500 209 295 
Power 1)10 
High Land Cost 
Ootion No.)) 1 10 
Plot m2 
30 63 62 
50 74 73 
75 85 84 
100 93 93 
250 126 126 
500 209 209 
;- ,-
FAR EAST 
' 
Low Lend Cost t 
dlff 13 29 dlff 
61 SI 90 76 
so 60 112 87 
33 87 1S9 83 
FAR EAST 
' 
low Land Cost 
' diff I s diff 
94 40 67 68 
82 45 73 62 
74 49 79 61 
72 .53 85 60 
59 66 105 59 
41 91 139 53 
FAR EAST 
' 
low Land Cost ' 
diff 1 10 diff 
-2 40 41 3 
-1 45 46 2 
-I 49 50 2 
0 53 54 2 
0 66 68 3 
0 91 94 3 
' . ; ··~~,t:r:7\:;~:::.~f-~?'Y~ ~-:::;·:·; 
' ., . 
Total cost oer olot USI 
AFRICA 
H!Qh L811d Cost t Low Lend Cost t 
13 29 dlff 13 29 dlff 
212 316 49 16S 2n 68 
257 385 ·SO 189 331 75 
394 583 48 243 455 87 
AFRICA 
Hl9h Land Cost 
' 
Low Land Cost ' 
I 5 diff 1 5 diff 
159 248 56 134 216 61 
175 271 55 145 231 59 
192 293 53 154 246 60 
206 313 52 163 260 60 
256 384 50 193 309 60 
369 523 42 245 385 57 
AFRICA 
High Land Cost 
' 
Low Land Cost 
' 1 10 diff 1 10 diff 
!59 159 0 134 136 1 
175 175 0 145 146 1 
192 193 1 154 156 I 
206 207 0 163 166 2 
256 259 1 193 197 2 
369 373 245 251 2 
. ' ~ .. ! ' ... ·. ,· 
.· '· 
. .~; : ,. 
'·· '-.·. 
· 'IhOIA 
·• .· ... ;.':.· 
HIQh Lend Cost t Low Lend Cost t 
13 29 dlff 13 29 dlff 
80 136 
104 160 
185 244 
Hi9h Land Cost 
I 5 
55 118 
63 128 
71 137 
78 14S 
102 175 
165 245 
70 42 78 
54 48 89 
32 62 113 
IM>IA 
86 
ss 
82 
' 
Low Lend Cost t 
diff 1 s dlff 
11S 35 66 89 
103 38 70 84 
93 40 73 83 
86 42 76 81 
72 50 88 76 
48 64 106 66 
INDIA 
High Land Cost ' Low L811d Cost ' 
1 10 diff 1 10 dlff 
55 54 -2 3S 36 3 
63 63 0 38 39 3 
71 71 0 40 42 5 
78 78 0 42 44 5 
102 103 I so 53 6 
165 167 1 64 68 6 
Drain !l19 FAR EAST 
High L!llld Cost 
' 
Low lMd Cost 
' OPtion No.)) I 19 diff I 19 diff 
Plot 12 
30 63 59 .-6 40 48 20 
50 74 68 -8 45 52 16 
75 85 77 -9 49 56 14 
100 93 84 -10 53 60 13 
250 126 Ill -12 66 75 14 
500 209 191 -9 91 106 16 
Sanitation 1)7 FAR EAST 
Power 
High Land Cost 
' 
Low Land Cost 
' Ootion No.)) I 7 diff I 7 diff 
Plot m2 
30 63 121 92 40 67 68 
50 74 135 82 45 71 64 
75 85 148 74 49 80 63 
100 93 16D 72 53 86 62 
250 126 201 60 66 106 61 
50D 209 295 41 91 142 56 
Drain 1)20 FAR EAST 
Power 
High Land Cost 
' 
Low Land Cost 
' Ootion No.)) I 20 diff I 20 diff 
Plot m2 
30 63 57 -10 40 38 -5 
50 74 65 -12 45 42 -7 
75 85 74 -13 49 45 -8 
100 93 81 -13 53 48 -9 
250 126 108 -14 66 59 -11 
500 209 186 -11 91 85 -7 
.... ~ ····.-.r··, ._ .. ?~:rrr0~:~~:~_;;:::·;~ ~~,.-~· 
. , ,,. -- ri.:~;t:;~ ,;:" ·. · 
l' ·~"i'.;."•o""' 
·.,:· "i;t' ,. 
•·'·'···· 
., 
. ·. 
·:. ·' ·~· .. Tote! cost oer olot IJSI 
·r . 
. ·.~ .. 
AfRICA IN>IA 
High L!ll1d Cost ' Low lMd Cost ' High lMd Cost ' Low Llnd Cost ' 
1 19 diff I 19 diff I 19 diff 1 19 d!ff 
., " 
!59 155 -3 134 170 27 55 50 -9 35 32 -9 
175 170 -3 145 183 26 63 56 -11 38 33 -13 
192 184 -4 !54 194 26 71 63 -11 40 35 -13 
206 196 -5 163 205 26 78 68 -13 42 36 -14 
256 242 -5 193 243 26 102 88 -14 50 41 -18 
369 351 -5 245 305 24 165 146 -12 64 52 -19 
AfRICA INDIA 
High Land Cost ' Low Land Cost 
' 
High Land Cost \ Low Land Cost 
' I 7 diff I 7 diff I 7 diff 1 7 diff 
159 247 55 134 217 62 55 118 115 35 67 91 
175 271 55 145 233 61 63 127 102 38 71 87 
192 294 53 154 249 62 71 137 93 40 74 85 
206 314 52 163 263 61 78 146 87 42 78 86 
256 386 51 193 314 63 102 176 73 50 91 82 
369 527 43 245 392 60 165 247 50 64 110 72 
AfRICA INDIA 
High Land Cost ' Low Land Cost \ High Land Cost ' Low Land Cost 
' I 20 diff I 20 diff I 20 diff 1 20 diff 
159 153 -4 134 134 0 55 49 -11 35 33 -6 
175 168 -4 145 143 -I 63 55 -13 38 35 -8 
192 182 -5 !54 152 -I 71 61 -14 40 36 -10 
206 195 -5 163 160 -2 78 66 -15 42 38 ·ID 
256 240 -6 193 189 -2 102 86 -16 50 44 -12 
369 351 -5 245 240 -2 165 144 -13 64 56 -13 
. . "" . ~ .. .~."~~-~-c·. •-;--~:-"':;~""· ·~_-_:_;;,;: '"~"::/'''\, :. ;..' -' -, 
':'',, . .. .. ' .,, " 
-'····, 
'· ,~ .. 
. t-. . 
Total cost Del' Dlot USI . ' H'\ '" ', 
Drain 1>23 FAR EAST AFRICA -- IN>IA 
Sanitation 
High Ll!lld Cost 
' 
Low Ll!lld Cost 
' 
High Ll!lld Cost 
' 
Low Ll!lld Cost 
' 
High Land Cost ' Low Ll!lld Cost 
' Ol>tion No.)) I 23 diff I 23 d!ff I 23 diff I 23 d!ff I 23 d!ff 1 23 diff 
Plot 112 
30 63 118 87 40 65 63 159 246 55 134 217 62 55 112 104 35 63 80 
50 74 129 74 45 71 58 175 267 53 145 232 60 63 120 90 38 65 71 
75 85 141 66 49 77 57 192 288 50 !54 247 60 71 128 80 40 68 70 
100 93 !50 61 53 81 53 206 307 49 163 260 60 78 134 n 42 70 67 
250 126 187 48 66 100 52 256 376 47 193 310 61 102 134 31 50 79 58 
500 209 278 33 91 134 47 369 530 
" 
245 406 66 165 159 -4 64 95 48 
Drain 1)25 FAR EAST AFRICA IN> lA 
Sanitation 
Power 
High Land Cost 
' 
Low Land Cost ' High Land Cost ' Low Ll!lld Cost ' High Land Cost ' Low Ll!lld Cost ' 
Ootion No.» I 25 diff I 25 diff I 25 dill I 25 diff I 25 diff I 25 diff 
Plot m2 
30 63 116 84 40 65 63 !59 244 53 134 217 62 55 Ill 102 35 63 80 
50 74 127 72 45 7! 58 175 265 51 145 233 61 63 119 89 38 66 74 
75 85 138 62 49 77 57 192 286 49 154 249 62 71 126 77 40 69 73 
100 93 147 58 53 82 55 206 305 48 163 262 61 78 133 71 42 72 71 
250 126 183 45 66 107 62 256 373 46 193 313 62 102 157 54 50 82 64 
500 209 273 31 91 137 51 369 528 43 245 411 68 165 221 34 64 99 55 
CLUSTER 1:4 No Backs 
Sanitation 13)14 FAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost \ High Land Cost 
' 
Low Land Cost 
' 
Hi9h Land Cost \ Low Land Cost \ 
Ootion No.)) 13 14 dill 13 14 dill 13 14 dill 13 14 ditt 13 14 diff 13 14 dill 
Plot m2 
lOO 81 147 81 45 81 80 196 295 51 156 252 62 69 134 94 38 72 89 
250 106 182 72 53 99 87 237 359 51 181 298 65 89 159 79 43 82 91 
500 179 269 50 73 131 79 337 489 45 224 370 65 146 222 52 54 98 81 
Total cost oer olot USI 
P~r 13l15 FAR EAST AFRICA ItlliA 
HIgh Land Cost · t L011 Ll!lld Cost t High Land Cost 
' 
LOll Land Cost t High Land Cost t L011 Ll!lld Cost t 
Ootlon No.)) 13 15 dlff 13 15 dlff 13 IS diff 13 IS dlff 13 IS dlff 13 IS dlff 
Plot 12 
100 81 81 0 45 47 
' 
196 198 I 156 161 3 69 70 I 38 40 5 
250 106 106 0 53 59 11 237 240 I 181 186 3 89 90 I 43 46 7 
500 179 180 1 n 75 4 337 341 1 224 231 3 146 148 1 54 58 7 
Drain 13126 FAR EAST AFRICA ItlliA 
High Land Cost 
' 
L011 Ll!lld Cost t High Land Cost 
' 
Low Ll!lld Cost t High Ll!lld Cost t LOll Land Cost 
' OPtion No.)) 13 26 diff 13 26 diff 13 26 diff 13 26 diff 13 26 diff 13 26 diff 
Plot m2 
100 81 80 -I 45 49 9 196 195 -I 156 162 4 69 63 -9 38 36 -5 
250 106 104 -2 53 58 9 237 235 -I 181 187 3 89 80 -10 43 41 -5 
500 179 176 -2 72 82 14 337 333 -I 224 231 3 146 136 -7 54 52 -4 
Sl!llitatlon 13)16 FAR EAST AFRICA IOOIA 
P011er 
High Ll!lld Cost 
' 
Low Land Cost t High Land Cost 
' 
Low Land Cost t Hi9h Land Cost t Low Ll!lld Cost t 
Ootion No.)) 13 16 diff 13 16 diff 13 16 diff 13 16 diff 13 16 diff 13 16 diff 
Plot m2 
100 81 147 81 45 82 82 196 297 52 156 255 63 69 135 96 38 74 95 
250 106 183 73 53 101 91 237 362 53 181 302 67 89 160 80 43 85 98 
500 179 270 51 72 134 86 337 493 46 224 376 68 146 223 53 54 102 89 
Drain 13128 FAR EAST AFRICA ItlliA 
P~r 
High Land Cost 
' 
Low Land Cost t High Land Cost 
' 
Low Land Cost t High Ll!lld Cost t Low Land Cost t 
OPtion No.)) 13 28 diff 13 28 diff 13 28 diff 13 28 diff 13 28 diff 13 28 diff 
Plot m2 
100 81 77 -5 45 50 11 196 193 -2 !56 165 6 69 62 -10 38 38 0 
250 106 100 -6 53 60 13 237 234 -1 181 191 6 89 79 -11 43 44 2 
500 179 174 -3 72 84 17 337 333 -I 224 235 5 146 133 -9 54 55 2 
Total cost oer olot USI 
!Min 13)27 FAR EAST miCA IM>IA 
Sm'litetion 
Hi~ LMCI Cost 
' 
Low LMd Cost 
' 
High LMCI Cost ' Low LMd Cost 
' 
High Land Cost ' Low Land Cost 
' Ootion No.)) 13 27 dill 13 27 dill 13 27 dill 13 27 dill 13 27 dill 13 27 dill 
Plot m2 
100 81 146 80 45 84 87 196 294 50 156 256 64 69 128 86 38 70 84 
250 106 180 70 53 104 96 237 358 51 181 304 68 89 !50 69 43 80 86 
500 179 269 50 72 141 96 337 505 50 224 397 77 146 211 45 54 96 78 
Drain 13)29 FAR EAST AFRICA I M> IA 
Sanitation 
Power 
High Land Cost 
' 
Low Land Cost ' High Land Cost ' Low Land Cost ' High Land Cost ' Low Land Cost ' 
Ootion No.» 13 29 dill 13 29 dill 13 29 dill 13 29 dill 13 29 dill 13 29 dill 
Plot m2 
100 81 143 77 45 85 89 196 292 49 156 258 65 69 127 84 38 72 89 
250 106 177 67 53 106 100 237 356 50 181 307 70 89 148 66 43 82 91 
500 179 264 47 72 143 99 337 503 49 224 402 79 146 208 42 54 100 85 
•~~-- __ , .'".···"·'·-·_.'· ~._::.,_.!~ __ , .-.- ,-,,.: -- .---. _., 
- - .~ _-;f;:_, ~'-'== ..... ':_-'~.:en ·_.C•S"':S 
.,, . 
• 
LltfAR 1 : 1 B!cks Tote! cost per Plot USI 
Senitetion 1)5 FAR EAST AFRICA If.!) IA 
High Land Cost 
' 
Low Lend Cost ' High Lend Cost 
' 
Low Land Cost t High Land Cost t Low Land Cost % 
OPtion No.)) 1 5 diff 1 5 diff 1 5 diff 1 5 diff 1 5 diff 1 5 diff 
Plot m2 
30 58 113 95 36 59 64 126 243 93 100 208 108 54 120 122 32 66 106 
50 67 125 87 39 65 67 143 265 85 109 223 105 63 131 108 35 70 100 
75 77 136 77 43 70 63 160 287 79 118 237 101 72 141 96 38 73 92 
100 85 146 72 44 74 68 174 307 76 126 249 98 80 150 88 40 77 93 
250 119 188 58 59 93 58 233 387 66 158 301 91 112 187 67 51 91 78 
500 209 287 37 84 126 50 371 549 48 216 381 76 194 276 42 67 112 67 
Power !HO FAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost 
' 
High Land Cost % Low Land Cost 
' 
High Lend Cost % Low Land Cost t 
OPtion No.>) 1 10 diff 1 10 diff 1 10 diff 1 10 diff 1 10 d!ff 1 10 diff 
.. 
Plot m2 
30 58 57 -2 36 38 6 126 129 2 100 105 5 54 55 2 32 36 13 
50 67 67 0 39 42 8 143 147 3 109 116 6 63 65 3 35 40 14 
75 77 77 0 43 46 7 160 165 3 118 127 8 72 74 3 38 43 13 
100 85 86 1 44 49 11 174 181 4 126 136 8 80 83 4 40 47 18 
250 119 120 1 59 65 10 233 245 5 158 175 .11 112 117 4 51 61 20 
500 . 209 211 l 84 93 11 371 386 4 216 239 11 194 202 4 67 82 22 
Drein lll9 FAR EAST AFRICA Ifi)IA 
High Land Cost 
' 
Low land Cost 
' 
High Land Cost % Low Land Cost 
' 
High Land Cost % Low Land Cost % 
OPtion No.)) 1 19 diff 1 19 diff 1 19 diff 1 19 diff 1 19 diff 1 19 diff 
Plot 112 
30 58 53 -9 36 32 -11 126 121 -4 100 95 -5 54 49 -9 32 27 -16 
50 67 61 -9 39 34 -13 143 136 -5 109 103 -6 63 56 -11 35 29 -17 
75 77 69 -10 43 37 -14 160 150 -6 118 110 -7 72 63 -13 38 30 -21 
100 85 76 -11 44 39 -11 174 162 -7 126 116 -8 80 69 -14 40 31 -23 
250 119 105 -12 59 47 -20 233 215 -8 158 143 -9 112 95 -15 51 36 -29 
500 209 192 -8 84 71 -15 371 351 -5 216 199 -8 194 172 -11 67 49 -27 
., .. ,. 
Total cost oer olot USS 
Sanitation 1l7 fAR EAST AFRICA INDIA 
Power 
High Lllld Cost 
' 
Low Lllld Cost t HiQh Lllld Cost t Low Lllld Cost t Hiih Land Cost t Low Lllld Cost t 
Ootion No.)) 1 7 dill 1 7 dill 1 7 dill 1 7 dill 1 7 dill 1 7 dill 
Plot 12 
30 58 113 95 36 61 69 126 244 94 100 213 113 54 120 122 32 69 116 
50 67 124 85 39 67 72 143 268 87 109 229 110 63 132 110 35 74 Ill 
75 n 137 78 43 73 70 160 292 83 118 245 108 n 143 99 38 79 108 
100 85 147 73 
" 
78 n 174 313 80 126 259 106 80 153 91 40 83 108 
250 119 190 60 59 100 69 233 398 71 158 318 101 112 193 72 51 101 98 
500 209 287 37 84 135 61 371 565 52 216 405 88 194 284 46 67 126 88 
Ora in 1)20 fAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
Low Lllld Cost 
' 
High Land Cost t Low Land Cost t High Land Cost t · Low Land Cost t 
Ootion No. ) ) 1 20 dill 1 20 dill 1 20 dill 1 20 dill 1 20 ditf 1 20 ditf 
Plot m2 
30 58 50 -14 36 34 -6 126 120 -5 100 100 0 54 47 -13 32 31 -3 
50 67 57 -15 39 37 -5 143 135 -6 109 110 1 63 54 -14 35 33 -6 
75 n 65 -16 43 40 -7 160 143 -11 118 119 1 72 61 -15 38 35 -8 
100 85 71 -16 44 42 -5 174 162 -7 126 126 0 80 66 -18 40 37 -8 
250 119 97 -18 59 53 -10 233 215 -8 158 159 1 112 91 -19 51 46 -10 
500 209 181 -13 84 79 -6 371 351 -5 216 217 0 194 167 -14 67 63 -6 
Drain 1l23 fAR EAST AFRICA INDIA 
Sanitation 
High Lllld Cost 
' 
Low Land Cost 
' 
High Land Cost t Low Land Cost 
' 
High Land Cost 
' 
Low Lllld Cost 
' Ootion No.)) 1 23 dill 1 23 dilf 1 23 ditf 1 23 dill 1 23 dill 1 23 diff 
Plot m2 
30 58 109 88 36 57 58 126 2U 91 100 209 109 54 113 109 32 61 91 
50 67 119 78 39 62 59 143 262 83 109 223 105 63 122 94 35 63 80 
75 77 130 69 43 64 49 160 284 78 118 237 101 72 130 81 38 66 74 
100 85 138 62 44 70 59 174 302 74 126 250 98 80 137 71 40 68 70 
250 119 176 48 59 87 47 233 381 64 158 302 91 112 167 49 51 77 51 
500 209 273 31 84 120 43 371 566 53 216 409 89 194 250 29 67 95 42 
.,_, __ 
:::· jl .\·,'~ .~": ' . ' 
., .. ·.·. ..· 
.>'···.· ,. ' 
Total cost oer olot USI 
.<.:• 
Drain 1)25 FAR EAST AFRICA . IN>IA 
Sanitation 
Power 
High Land Cost 
' 
low llllld Cost \ High llllld Cost \ low llllld Cost \ High lllld Cost ' low Land Cost \ 
Ootion No. )) I 25 dift I 25 diff I 25 diff I 25 diff I 25 dlff I 25 diff 
Plot 112 
30 58 107 84 36 59 64 126 240 90 100 214 114 54 112 107 32 64 100 
50 67 116 73 39 64 64 143 262 83 109 230 Ill 63 120 90 35 68 94 
75 77 125 62 43 69 60 160 283 77 118 246 108 n 128 78 38 n 89 
100 85 133 56 44 74 68 174 301 73 126 260 106 80 134 68 40 74 85 
250 119 167 40 59 92 56 233 380 63 158 318 101 112 163 46 51 87 71 
500 209 262 25 84 128 52 371 565 52 216 431 100 194 244 26 67 109 63 
LINEAR I: I No Backs 
Sanitation 13)14 FAR EAST AFRICA INDIA 
High Land Cost 
' 
low Land Cost \ Hi9h land Cost 
' 
low land Cost 
' 
High Land Cost 
' 
Low land Cost \ 
OPtion No.)) 13 14 diff 13 14 difl 13 14 diff 13 14 diff 13 14 diff 13 14 dlff 
Plot m2 
100 70 130 86 40 69 73 151 280 85 114 238 109 65 132 103 34 71 109 
250 94 162 72 47 85 81 192 347 81 134 283 Ill 88 159 81 41 81 98 
500 172 250 45 66 114 73 308 492 60 177 355 101 160 236 48 53 98 85 
Power 13)15 FAR EAST AFRICA INDIA 
High land Cost 
' 
Low Land Cost 
' 
High Land Cost \ Low Land Cost 
' 
High land Cost 
' 
low Land Cost \ 
OPtion No.>> 13 15 dill 13 15 ditl 13 15 diff 13 15 diff 13 15 diff 13 15 diff 
Plot m2 
100 70 71 I 40 44 10 151 158 5 114 125 10 65 68 5 34 41 21 
250 94 96 2 47 54 15 192 203 6 134 151 13 88 94 7 41 51 24 
500 172 175 2 66 75 14 308 324 5 177 200 13 160 168 5 53 67 26 
. ·""" .. '· .. '""'. . ·· .. ' ... -.... , 
Total cost per Dlot USI 
lnin 1~)26 FAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost % High Land Cost 
' 
Low Land Cost % High Llllld Cost % Low Land Cost % 
Ootion No. )) I~ 26 dill I~ 26 dill I~ 26 dill I~ 26 dill I~ 26 dill I~ 26 dill 
Plot 12 
100 70 69 -I 40 40 0 151 155 ~ 114 118 4 65 61 -6 M ~I -9 
250 94 9~ -I 47 47 0 192 197 ~ 1~4 140 4 88 82 -7 41 ~5 -15 
500 172 17~ I 66 68 ~ W8 ~02 -2 m 184 4 160 I~ -4 ~ 47 -11 
Sanitation 1~)16 FAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost % High Land Cost 
' 
Low Land Cost % High Land Cost % Low Land Cost 
' Ootion No.)) 1~ 16 dill 13 16 dill 13 16 dill 13 16 dill 13 16 dill 1~ 16 dill 
Plot m2 
100 70 130 86 40 73 83 151 287 90 114 248 118 65 1~5 108 34 77 126 
250 94 164 74 47 91 94 192 358 86 134 300 124 88 165 88 41 91 122 
500 172 253 47 66 123 86 308 507 65 m 379 114 160 244 53 53 113 11~ 
Drain 13)28 FAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost % High Land Cost 
' 
Low Land Cost % High Land Cost % Low Land Cost % 
Ootion No.)) 13 28 dill 13 28 dill 13 28 diff 13 28 dill 13 28 diff 13 28 dilf 
Plot m2 
100 70 64 -9 40 43 8 151 154 2 114 128 12 65 58 -11 34 37 9 
250 94 85 -10 47 52 11 192 196 2 134 156 16 88 78 -11 41 45 10 
500 172 162 -6 66 77 17 308 312 I 177 208 18 160 148 -8 5~ 61 15 
Drain 13)27 FAR EAST AFRICA INDIA 
Sanitation 
High Land Cost % Low Land Cost % High Land Cost % Low Land Cost % High Land Cost 
' 
Low Land Cost % 
Ootion No.)) 13 27 dill 13 27 dill 13 27 diff 13 27 dill 13 27 difl 13 27 di If 
Plot m2 
100 70 129 84 40 69 73 151 284 88 114 241 Ill 65 128 97 34 67 97 
250 94 161 71 47 84 79 192 352 83 134 289 116 88 153 74 41 76 85 
500 172 251 46 66 116 76 308 525 70 177 390 120 160 229 43 53 92 74 
·; .. 13 ,~ ..... .,....; ,-,.-. 
-.. -··---·· 
Drain 13129 
Sanitation 
Power 
High Land Cost 
Ootioo No.)) 13 29 
Plot 12 
100 70 m 
250 94 153 
500 172 240 
LINEAR I: 4 Backs 
Sanitation 1)5 
High Land Cost 
Ootion No.)) I 5 
Plot 112 
30 46 99 
50 52 106 
75 58 114 
100 63 120 
250 85 147 
500 135 203 
Power lliO 
Hi9h Land Cost 
Ootioo No.)) I 10 
Plot m2 
30 46 46 
so 52 52 
75 58 58 
100 63 63 
250 85 85 
500 135 136 
FAR EAST 
' 
Low Ll!lld Cost ' 
dill 13 29 dill 
n 40 72 80 
63 47 90 91 
40 66 124 88 
FAR EAST 
' 
Low Land Cost ' 
dill I 5 diff 
115 32 59 84 
104 35 63 80 
97 37 66 78 
90 39 71 82 
73 40 89 123 
50 63 119 89 
FAR EAST 
' 
Low Land Cost ' 
dill I 10 dill 
0 32 33 3 
0 35 36 3 
0 37 39 5 
0 39 41 5 
0 40 43 8 
1 63 67 6 
:-,,~.: __.., -. ,-,, 
. - - ........ ,; 
. .., -----.. ~ ,__,_l_,, ·,-~·.'·;~"":~;--.~·;tv~~~:.:"" 
-.··, ':-··, ,' ·,,· 
'. <,:, ' 
Total cost oer olot USI 
AFRICA !~!A 
High Land Cost ' Low Land Cost * High Land Cost * Low Land Cost ' 
13 29 dill 13 29 dill 13 29 dill 13 29 dill 
151 283 87 114 251 120 65 125 92 34 67 97 
192 351 83 134 305 128 88 149 69 41 76 85 
308 524 70 177 412 133 160 224 40 53 92 74 
AFRICA INDIA 
Hioh Land Cost ' Low Land Cost 
' 
High Land Cost 
' 
Low Land Cost 
' I 5 dill I 5 dill I 5 dill I 5 dill 
108 217 101 91 193 112 43 107 149 29 66 128 
119 232 95 97 203 109 48 113 135 31 70 126 
130 247 90 103 213 107 54 120 122 32 73 128 
139 259 86 109 221 103 58 125 116 34 77 126 
178 312 75 132 256 94 78 149 91 40 91 128 
258 408 58 169 308 82 123 199 62 50 112 124 
AFRICA INDIA 
High Land Cost ' Low Land Cost ' High Land Cost ' Low Land Cost ' 
I 10 diff I 10 dill I 10 diff I 10 dill 
108 109 91 94 3 43 43 0 29 31 7 
119 120 1 97 101 4 48 49 2 31 33 6 
130 132 2 103 108 5 54 55 2 32 35 9 
139 142 2 109 114 5 58 60 3 34 37 9 
178 184 3 132 141 7 78 81 4 40 46 15 
258 266 3 169 181 7 123 127 3 50 58 16 
Total cost oer Plot USI 
Drain 1>19 FAR EAST AFRICA INDIA 
High L!rld Cost \ Low Land Cost \ High L811d Cost \ Low L811d Cost \ High Lend Cost \ Low L!rld Cost \ 
Ootion No.)) 1 19 dill 1 19 dill I 19 dill 1 19 dill I 19 dill I 19 dlff 
Plot 12 
30 46 43 -7 32 30 -6 108 105 -3 91 88. -3 43 40 -7 29 26 -10 
50 52 49 -6 35 32 -9 119 114 
"' 
97 94 -3 48 
" 
-8 31 27 -13 
75 58 54 -7 37 34 -8 130 124 -5 103 99 -4 54 49 -9 32 28 -13 
100 63 58 -8 39 35 -10 139 132 -5 109 104 ·5 58 52 -10 34 29 -15 
250 85 n -9 40 36 ·10 178 167 -6 132 123 ·7 78 69 ·12 40 33 ·18 
500 135 126 -7 63 55 -13 258 243 -6 169 157 ·1 123 111 -10 50 41 ·18 
Sanitation m FAR EAST AFRICA IMHA 
Power 
High Land Cost 
' 
Low Land Cost \ High Land Cost \ Low Land Cost \ High Land Cost., Low Land Cost 
' Ootion No.)) I 7 dill I 7 diff I 7 diff I 7 diff 1 7 diff I 7 dill 
Plot m2 
30 46 98 113 32 55 72 108 218 102 91 195 114 43 107 149 29 63 117 
50 52 106 104 35 58 66 119 233 96 97 206 112 48 114 138 31 66 113 
75 58 114 97 37 62 68 130 248 91 103 217 111 54 121 124 32 68 113 
100 63 120 90 39 65 67 139 262 88 109 226 107 58 127 119 34 71 109 
250 85 148 71 40 79 98 178 318 79 132 265 101 78 152 95 40 82 105 
500 135 204 51 63 104 65 258 416 61 169 320 89 123 203 65 50 97 94 
Drain 1)20 FAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
Low L811d Cost \ High Land Cost \ Low Land Cost 
' 
High Land Cost \ Low Land Cost 
' Ootion No.)) I 20 dill 1 20 diff 1 20 diff 1 20 dill 1 20 diff I 20 dill 
Plot m2 
30 46 42 -9 32 31 ·3 108 104 ·4 91 91 0 43 39 ·9 29 28 ·3 
50 52 47 ·10 35 33 -6 119 114 ·4 97 97 0 48 43 -10 31 29 -6 
75 58 51 -12 37 35 ·5 130 123 ·5 103 103 0 54 47 ·13 32 31 ·3 
100 63 55 ·13 39 37 ·5 139 131 ·6 109 108 ·1 58 51 ·12 34 32 ·6 
250 85 73 ·14 40 41 3 178 167 ·6 132 131 ·I 78 51 -35 40 37 ·8 
500 135 120 -11 63 59 -6 258 243 ·6 169 168 ·I 123 67 ·46 50 47 -6 
Total cost oer olot USI 
Drain 1>23 FAR EAST AFRICA !M> IA 
Sanitation 
High Lsnd Cost 
' 
Low Land Cost ' High Lsnd Cost ' Low Land Cost ' HiQh LMd Cost ' Low Lend Cost ' 
O!>tion No.)) I 23 diff I 23 diff I 23 diff I 23 diff I 23 diff I 23 diff 
Plot 112 
30 46 96 109 32 52 63 108 216 100 91 193 112 43 103 140 29 58 100 
50 52 103 98 35 55 57 119 230 93 97 203 109 48 108 125 31 60 94 
75 58 110 90 37 58 57 130 244 88 103 212 106 54 113 109 32 62 94 
100 63 115 83 39 61 56 139 256 84 109 221 103 58 118 103 34 63 85 
250 85 140 65 40 72 80 178 308 73 132 256 94 78 138 77 40 70 75 
500 135 195 
" 
63 92 46 258 416 61 169 321 90 123 184 50 50 81 62 
Drein 1)25 FAR EAST AfRICA INDIA 
Sanitation 
Power 
High Land Cost 
' 
Low Lend Cost ' High Land Cost t Low Land Cost ' High Land Cost ' Low Land Cost ' 
ODtion No.)) I 25 diff I 25 diff I 25 diff I 25 d!ff I 25 diff I 25 diff 
Plot m2 
30 46 95 107 32 53 66 108 215 99 91 196 115 43 102 137 29 60 107 
50 52 101 94 35 57 63 119 229 92 97 206 112 48 107 123 31 62 100 
75 58 107 84 37 60 62 130 243 87 103 216 110 54 112 107 32 64 100 
100 63 113 79 39 63 62 139 255 83 109 225 106 58 117 102 34 66 94 
250 85 135 59 40 75 88 178 307 72 132 265 101 78 136 74 40 74 85 
500 135 189 40 63 96 52 258 415 61 169 332 96 123 181 47 50 87 74 
LINEAR 1:4 No Backs 
Sanitation 13)14 FAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost t Hillh land Cost t Low land Cost t High land Cost t Low Land Cost t 
Ootion No.)) 13 14 diff 13 14 diff 13 14 diff 13 14 diff 13 14 diff 13 14 diff 
Plot m2 
100 55 110 100 36 60 67 130 243 87 106 214 102 50 115 130 31 64 106 
250 71 132 86 41 71 73 159 289 82 122 246 102 65 133 105 35 72 106 
500 113 182 61 51 74 45 226 375 66 150 292 95 104 176 69 42 82 95 
,, ' 
Tote! cost oer olot USI 
P011er 13>15 fAR EAST AFRICA IMHA 
High L!nd Cost 
' 
Low Lsnd Cost t High Lsnd Cost t Low Lsnd Cost t High Land Cost t Low Land Cost t 
OPtion No.)) 13 15 diff 13 15 dill 13 15 dill 13 15 dill 13 15 diff 13 15 dill 
Plot 112 
100 55 56 2 36 3.! 6 130 133 2 106 111 5 50 52 4 31 34 10 
250 71 71 0 41 44 7 159 164 3 122 130 7 65 68 5 35 40 14 
500 113 115 2 51 56 10 226 234 4 150 161 7 104 108 4 42 49 17 
Drain 13)26 fAR EAST AfRICA IMliA 
High Land Cost 
' 
Low Land Cost t High Land Cost t Low Lsnd Cost t High Land Cost t Low Land Cost 
' OPtion No. l) 13 26 diff 13 26 diff 13 26 diff 13 26 diff 13 26 dill 13 26 dilf 
Plot 12 
100 55 56 2 36 37 3 130 132 2 106 109 3 50 48 -4 31 29 -6 
250 71 71 0 41 42 2 159 161 1 122 126 3 65 62 ·-5 35 33 -6 
500 113 117 4 51 56 10 226 228 150 155 3 104 101 -3 42 40 -5 
Sanitation 13>16 fAR EAST AfRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost t Hi 9h Land Cost t Low Land Cost t Hi9h Land Cost t Low Land Cost t 
Ootion No.)) 13 16 dill 13 16 difl 13 16 dill 13 16 dill 13 16 dill 13 16 diff 
Plot m2 
100 55 111 102 36 62 72 130 247 90 106 219 107 50 117 134 31 68 119 
250 71 132 86 41 74 80 159 294 85 122 254 108 65 135 108 35 77 120 
500 113 183 62 51 94 84 226 383 69 150 305 103 104 180 73 42 89 112 
Drain 13)28 FAR EAST AfRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost t High Land Cost t Low land Cost t High Lsnd Cost t Low Land Cost 
' OPtion No.)) 13 28 dill 13 28 dill 13 28 dill 13 28 dill 13 28 diff 13 28 dill 
Plot •2 
100 55 53 -4 36 39 8 130 131 106 113 7 50 47 -6 31 32 3 
250 71 67 -6 41 45 10 159 160 122 133 9 65 59 -9 35 37 6 
500 113 110 -3 51 60 18 226 227 0 150 165 10 104 98 -6 42 47 12 
. ···~-· :-. ~-~~~;::·~--~'~:,';?'~~·~:::;··'~. ':··,·~~· 
,', 
Tohl cost per Dlot USI 
()'sin 13)27 FAR EAST AFRICA ltll!A 
Sanitation 
High Land Cost 
' 
Low Land Cost 
' 
High Land Cost t Low Land Cost 
' 
Hloh Land Cost t Low Land Cost ; 
ODtion No.)) 13 27 diff 13 27 diff 13 27 diff 13 27 diff 13 27 diff 13 27 diff 
Plot m2 
100 55 111 102 36 62 72 130 245 88 106 216 104 50 113 126 31 63 103 
250 71 132 86 41 73 78 159 291 83 122 250 105 65 129 98 35 70 100 
500 113 184 63 51 94 84 226 392 73 150 312 108 104 172 65 42 80 90 
()'ain 13)29 FAR EAST AFRICA Itll!A 
Sanitation 
Pover 
High Land Cost 
' 
Lov Land Cost ; High Land Cost t Low Land Cost t Hillh Land Cost t Low Land Cost t 
0Dtion No.)) 13 29 diff 13 29 diff 13 29 diff 13 29 diff 13 29 diff 13 29 diff 
Plot m2 
100 55 108 96 36 63 75 130 244 88 106 221 108 50 111 122 31 66 113 
250 71 128 80 41 76 85 !59 290 82 122 257 111 65 127 95 35 74 111 
500 113 178 58 51 ·' 97 90 226 391 73 150 322 115 104 169 63 42 87 107 
;. 
OVerall Servicing Ccsts 
ClUS!fR 1:1 Baci<s Total annual cost cer Dlot USI 
Sl!llit!tlon 1)5 FAR EAST AFRICA IMJIA 
Hi<il Land Cost 
' 
Low l.l!lld Cost ' High Land Cost ' Low Land Cost ' High Land Ccst ' Low Land Cost 
' ODtlon No.)) 1 5 diff 1 5 diff 1 5 diff 1 5 diff 1 5 diff 1 5 diff 
Plot m2 
30 86 146 70 55 82 49 218 289 33 185 249 35 n 136 86 46 n 67 
50 102 165 62 63 92 46 245 327 33 203 2n 36 85 152 79 51 85 67 
75 118 185 57 70 103 47 270 363 34 220 303 38 95 165 74 54 90 67 
100 133 202 52 77 112 45 293 393 34 235 325 38 105 177 69 57 95 67 
250 176 259 47 98 133 36 367 495 35 283 399 41 141 218 55 n 114 58 
500 304 413 36 140 211 51 543 750 38 370 563 52 237 329 39 96 150 56 
Power !HO FAR EAST AFRICA INDIA 
' High Land Cost 
' 
Low Land Cost ' High Land Cost 
' 
Low Land Cost ' High Land Cost 
' 
Low Land Ccst 
' ODtion No.)) 1 10 diff I 10 diff I 10 diff I 10 diff I 10 diff I 10 diff 
Plot m2 
30 86 83 -3 55 55 0 218 215 -I 185 187 1 73 71 -3 46 47 2 
50 102 99 -3 63 64 2 245 241 -2 203 204 0 85 83 -2 51 52 2 
75 118 115 -3 70 71 270 268 -I 220 221 0 95 95 0 54 57 6 
100 133 131 -2 n 76 -1 293 291 -I 235 237 I 105 105 0 57 61 7 
250 176 175 -I 98 101 3 367 366 0 283 287 I 141 141 0 72 76 6 
500 304 300 -1 140 143 2 543 541 0 370 375 I 237 237 0 96 101 5 
Drain !)19 FAR EAST AFRICA IMliA 
High Land Cost 
' 
Low Land Cost 
' 
High Land Cost 
' 
Low Land Cost ' High Land Cost ' Low Land Cost ' 
ODtion No.>) I 19 diff 1 19 diff I 19 diff I 19 diff I 19 diff I 19 diff 
Plot m2 
30 86 80 -7 55 51 -7 218 213 -2 185 182 -2 73 66 -10 46 41 -11 
50 102 94 -8 63 57 -10 245 237 -3 203 198 -2 85 76 -11 51 44 -14 
75 118 108 -8 70 63 -10 270 260 -4 220 212 -4 95 84 -12 54 45 -17 
100 133 120 -10 77 68 -12 293 280 -4 235 225 -4 105" 92 -12 57 47 -18 
250 176 !59 -10 98 84 -14 367 318 -13 283 269 -5 141 122 -13 72 57 -21 
500 304 281 -8 140 118 -16 543 519 -4 370 352 -5 237 212 -11 96 74 -23 
(~·:.-.~ ~ ,-,1""\ 
-·;:- ---·-··. 
Drain 1)20 FAR EAST AFRICA INDIA 
Power 
Hi<lh Land Cost 
' 
Low Land Cost t High Land Cost 
' 
Low Land Cost 
' 
High Land Cost t Low Land Cost t 
Ootion No.)) I 20 diff I 20 diff I 20 diff I 20 diff I 20 diff I 20 diff 
Plot m2 
30 86 75 -13 55 51 -7 218 209 -4 185 182 -2 73 136 86 46 n 67 
50 102 87 -15 63 57 -10 245 229 -7 203 198 -2 85 152 79 51 85 67 
75 118 99 -16 70 63 -10 270 251 -7 220 213 -3 95 165 74 54 90 67 
100 133 110 -17 77 69 -10 293 270 -8 235 226 -4 105 m 69 57 95 67 
250 176 146 -17 98 86 -12 367 335 -9 283 272 -4 141 218 55 72 114 58 
500 304 263 -13 140 127 -9 543 501 -8 370 353 -5 237 329 39 96 ISO 56 
Drain 1>23 FAR EAST AFRICA INDIA 
Sanitation 
High Land Cost ' . Low Land Cost t Hillh Land Cost 
' 
Low Land Cost ' High Land Cost 
' 
Low Land Cost ' 
OPtion No.)) I 23 diff I 23 diff I 23 diff I 23 d!ff I 23 diff I 23 diff 
Plot m2 
30 86 131 52 55 72 31 218 267 22 185 230 24 73 122 67 46 66 43 
50 102 146 43 63 77 22 245 296 21 203 250 23 85 134 58 51 70 37 
75 118 162 37 70 B5 21 270 324 20 220 269 22 95 144 52 54 76 41 
lOO 133 177 33 77 91 18 293 347 18 235 285 21 105 152 45 57 85 49 
250 176 218 24 98 112 14 367 428 17 283 342 21 141 184 30 72 87 21 
500 304 348 14 140 158 13 543 643 18 370 470 27 237 277 17 96 109 14 
I 
.· 
Total SIY'I.21 cost oer olot USI 
Drain 1)25 FAR EAST AFRICA Ir.l?IA 
Sanitation 
Pover 
High 1m1 Cost 
' 
Lov LS1d Cost ' Hl<tl Lend Cost ' Lov LS1d Cost ' H!Qh LS1d Cost ' Lov LS1d Cost ' 
Ootion No.)) I 25 diff I 25 diff I 25 dlff I 25 dlff I 25 diff I 25 diff 
Plot 112 
30 86 125 45 55 70 27 218 261 20 185 230 24 73 118 62 46 67 46 
50 102 138 35 63 77 22 245 288 18 203 250 23 85 128 51 51 71 39 
75 118 152 29 70 85 21 270 314 16 220 270 23 95 138 45 54 75 39 
100 133 164 23 77 91 18 293 337 IS 235 287 22 105 145 38 57 78 37 
250 176 205 16 98 113 15 367 415 13 283 344 22 141174 23 n 91 26 
500 304 329 8 140 160 14 543 624 15 370 473 28 237 264 11 96 114 19 
Total 8/YMll cost oer olot USI 
CLUSTER 1:1 No Backs 
Sanitation 13)14 FAR EAST AfRICA lr.l?IA 
High Land Cost 
' 
LOll Land Cost ' High Land Cost 
' 
Low Land Cost ' High Land Cost 
' 
Lov Lend Cost ' 
Ootion No.)) 13 14 diff 13 14 diff 13 14 diff 13 14 diff 13 14 diff 13 14 diff 
Plot m2 
100 124 177 43 80 141 76 300 356 19 253 304 20 96 155 61 58 86 48 
250 164 222 35. 99 127 28 372 442 19 304 368 21 127 187 47 71 101 42 
500 296 362 22 153 189 24 587 674 IS 436 518 19 220 284 29 97 131 35 
Power • 13>15 FAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost 
' 
High Land Cost ' Lov Land Cost 
' 
High Land Cost 
' 
Lov Land Cost ' 
Ootion No.)) 13 15 diff 13 15 diff 13 15 diff 13 15 diff 13 15 diff 13 15 diff 
Plot 112 
100 124 126 2 80 81 1 300 298 -1 253 255 I 96 96 0 58 61 5 
250 164 161 -2 99 102 3 372 371 0 304 308 127 126 -I 71 75 6 
500 296 292 -I 153 15~ 2 587 584 -1 436 441 220220 0 97 103 6 
'- ·-:· 1 
-· . ...;.. ... 
Tote! lmUel cost w olot USI 
Orein 13)26 FAR EAST AFRICA INDIA 
High Lend Cost 
' 
L041 Land Cost ' High Land Cost ' Low Lend Cost ' High Lend Cost ' Lev Lend cost ' 
ODtion No.)) 13 26 d!ff 13 26 diff 13 26 d!ff 13 26 d!ff 13 26 d!ff 13 26 diff 
Plot 12 
100 124 110 -11 80 68 -15 300 270 -10 253 226 -11 96 83 -14 58 47 -19 
250 164 144 -12 99 83 -16 3n 329 -12 304 265 -13 127 109 -14 71 56 -21 
500 296 258 -13 153 121 -21 587 476 -19 436 340 -22 220 193 -12 97 75 -23 
Senitetion 13>16 FAR EAST AFRICA !M)IA 
P011er 
High Lend Cost 
' 
L041 Land Cost ' High Lend Cost ' L011 Lend Cost 
' 
High Lend Cost ' Low Lend Cost ' 
Ootion No.)) 13 16 d!ff 13 16 diff 13 16 diff 13 16 diff 13 16 diff 13 16 diff 
Plot 112 
100 124 175 41 80 103 29 300 355 18 253 306 21 96 156 63 58 89 53 
250 164 219 34 99 129 30 3n 440 18 304 3n 22 127 187 47 71 105 48 
500 296 358 21 153 196 28 587 672 14 436 523 20 220 284 29 97 136 40 
Orein 13)28 FAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
LOll Land Cost ' High Lend Cost % Low Land Cost 
' 
Hiqh Lend Cost 
' 
LOll Land Cost % 
Ootion No.» 13 28 dill 13 28 dill 13 .28 dill 13 28 dill 13 28 dill 13 28 dill 
Plot m2 
100 124 101 -19 80 69 -14 300 260 -13 253 227 -10 96 77 -20 58 49 -16 
250 164 138 -16 99 85 -14 372 316 -15 304 268 -12 127 99 -22 71 60 -15 
500 296 240 -19 153 124 -19 587 471 -20 436 349 -20 220 180 -18 97 80 -18 
Drain 13)27 FAR EAST AFRICA INDIA 
Sanitation 
High Land Cost 
' 
Low Land Cost % Hiqh Land Cost % Low Land Cost % Hiqh Land Cost 
' 
Low Land Cost % 
Ootion No.)) 13 27 dill 13 27 dill 13 27 dill 13 27 dill 13 27 dill 13 27 dill 
Plot m2 
100 124 162 31 80 90 13 300 327 9 253 277 9 96 142 48 58 75 29 
250 164 202 23 99 110 11 372 399 7 304 329 8 127 169 33 71 86 21 
500 296 325 10 153 157 3 587 602 3 436 452 4 220 257 17 97 108 11 
c --:· .-, 
...; . -~...:. 
Drain 13)29 
S8nitatlon 
Poo;er 
High Lend Cost 
Ootlon No.)) 13 29 
Plot 112 
100 124 !53 
250 164 !SS 
500 296 306 
ClUSTER 1:4 Backs 
S8nitetion ll5 
Hillh Land Cost 
lil>tion No.)) I 5 
Plot m2 
30 73 130 
50 as 145 
75 97 160 
100 107 174 
250 143 219 
500 233 331 
Poo;er !HO 
High Land Cost 
Ootion No. l l I 10 
Plot m2 
30 73 71 
50 85 S3 
75 97 95 
100 107 106 
250 143 142 
500 233 231 
FAR EAST 
' 
L011 Lend Cost \ 
diff 13 29 dill 
23 80 90 13 
15 99 112 13 
3 153 !59 
' 
FAR EAST 
' 
Low Land Cost \ 
dill I 5 dill 
78 50 75 50 
71 56 83 48 
65 63 90 43 
63 64 99 55 
53. 83 124 49 
42 115 175 52 
FAR EAST 
' 
Low Land Cost \ 
diff I 10 dill 
-3 50 50 0 
-2 56 56 0 
-2 63 62 -2 
-1 64 67 5 
-1 83 74 -11 
-1 115 116 1 
Total emJ!II cost Der olot USI 
AFRICA INDIA . 
High Land Cost ' LOll Lend Cost \ High Lend Cost \ L011 Lend Cost \ 
13 29 dill 13 29 dill 13 29 dill 13 29 dill 
300 316 5 253 277 9 96 136 42 58 7S 34 
3n 365 3 31)( 331 9 127 160 26 71 89 25 
587 5S3 -I 436 455 
' 
220 244 11 97 113 16 
AFRICA INDIA 
Hillh Land Cost \ Low Lend Cost \ High Land Cost 
' 
LOll Land Cost \ 
I 5 diff I 5 dill I 5 diff I 5 diff 
197 267 36 172 235 37 61 123 102 41 71 73 
216 296 37 186 256 3S 70 134 91 45 76 69 
236 323 37 198 276 39 78 144 85 47 80 70 
254 348 37 211 295 40 86 !52 77 50 83 66 
314 425 35 251 350 39 112 187 67 60 100 67 
439 622 42 315 484 54 178 264 48 77 125 62 
AFRICA INDIA 
High Land Cost \ Low Land Cost \ High Land Cost 
' 
Low Land Cost \ 
I 10 diff I 10 diff I 10 diff I 10 diff 
197 196 -I 172 173 I 61 59 -3 41 41 0 
216 214 -1 186 185 -1 70 69 -I 45 45 0 
236 235 0 198 198 0 78 77 -1 47 48 2 
254 252 -1 211 211 0 86 85 -1 50 51 2 
314 313 0 251 251 0 112 Ill -1 60 61 2 
439 438 0 315 316 0 178 178 0 77 79 3 
Drain 1l19 FAR EAST 
Hilll Land Cost 
' 
Low Land Cost t 
ODtlon No.)) 1 19 dill 1 19 dill 
Plot 112 
30 73 69 -5 so 48 -4 
so 85 79 -7 56 52 -7 
75 97 89 -8 63 56 -11 
100 107 97 -9 64 60 -6 
250 143 128 -10 83 75 -10 
500 233 215 -8 115 106 -8 
Sanitation D7 FAR EAST 
PMr 
Hilll L!rld Cost 
' 
Low Land Cost t 
ODtion No.)) 1 7 diff 1 7 dill 
Plot 112 
30 73 128 75 50 74 48 
50 85 144 69 56 83 48 
75 97 159 64 63 91 44 
100 107 173 62 64 99 55 
250 143 219 53 83 124 49 
500 233 329 41 115 176 53 
Drain 1>20 FAR EAST 
Power 
Hi<Jh Land Cost 
' 
Low Land Cost t 
0Dtion No.)) 1 20 dill 1 20 di If 
Plot m2 
30 73 68 -7 50 49 -2 
50 85 75 -12 56 52 -7 
75 . 97 85 -12 63 56 -11 
100 107 94 -12 64 61 -5 
250 143 124 -13 83 75 -10 
500 233 208 -11 115 107 -7 
r- ·> I 
.:.. . --~ 
Total arroal cost Der Dlot IJSI 
AfRICA INDIA 
Hilll Land Cost t Low Land Cost t Hilll Land Cost t Low Land Cost t 
1 19 diff 1 19 dill 1 19 diff 1 19 dill 
197 193 -2 m 170 -1 61 56 -8 41 38 -7 
216 211 -2 186 183 -2 70 63 -10 45 40 -11 
236 224 -5 198 194 -2 78 70 -10 47 42 -11 
254 244 -4 211 205 -3 86 76 -12 so 44 -12 
314 300 -4 251 243 -3 112 98 -13 60 51 -15 
439 421 -4 315 305 -3 178 159 -11 77 65 -16 
AfRICA INDIA 
High Land Cost t Low Land Cost 
' 
High Land Cost t Low Land Cost 
' 1 7 diff 1 7 dill 1 7 dill 1 7 dill 
197 265 35 172 235 37 61 122 100 41 54 32 
216 294 36 186 256 38 70 132 89 45 76 69 
236 322 36 198 262 32 78 143 83 47 80 70 
254 346 36 211 295 40 86 152 77 so 84 68 
314 433 38 251 361 44 112 186 66 60 101 68 
439 621 41 315 486 54 178 264 48 77 127 65 
AFRICA INDIA 
High Land Cost t Low Land Cost t HiQh Land Cost 
' 
Low Land Cost 
' 1 20 dill 1 20 dill 1 20 dill 1 20 dill 
197 190 -4 172 171 -1 61 54 -11 41 38 -7 
216 207 -4 186 182 -2 70 61 -13 45 41 -9 
236 224 -5 198 194 -2 78 67 -14 47 42 -11 
254 240 -6 211 205 -3 86 73 -15 50 45 -10 
314 294 -6 251 243 -3 112 94 -16 60 52 -13 
439 416 -5 315 305 -3 178 155 -13 77 67 -13 
Tots! amJal cost oer olot USI 
~ain ll23 FAR EAST AFRICA I~ IA 
SMitatlon 
Hili\ Land Cost 
' 
low Land Cost ' High Land Cost % low Land Cost ' High Land Cost ' Low Land Cost ' 
Ol>tlon No.)) 1 23 dill 1 23 dill 1 23 dill 1 23 dill 1 23 dllf I 23 dill 
Plot m2 
30 73 119 63 50 66 32 197 247 25 172 218 27 61 113 85 41 64 56 
50 85 130 53 56 72 29 216 269 25 186 234 26 70 121 73 45 66 47 
75 97' 142 46 63 78 24 236 290 23 198 249 26 78 129 65 47 69 47 
100 107 151 41 64 82 28 254 310 22 211 263 25 86 135 57 50 71 42 
250 143 183 28 83 101 22 314 380 21 251 314 25 112 136 21 60 81 35 
500 233 280 20 115 136 18 439 535 22 315 411 30 178 161 -10 n 97 26 
Drain 1>25 FAR EAST AFRICA !M> IA 
Sanitation 
Power 
High Land Cost 
' 
low land Cost ' High Land Cost % · Low Land Cost ' High Land Cost % Low Land Cost ' 
Ol>tion No.)) 1 25 dltf I 25 diff I 25 diff I 25 dlff 1 25 diff 1 25 diff 
Plot M2 
30 73 116 59 50 65 30 197 244 24 172 217 26 61 111 82 41 63 54 
50 85 127 49 56 71 27 216 265 23 186 233 25 70 119 70 45 66 47 
75 97 138 42 63 77 22 236 286 21 198 249 26 78 126 62 47 69 47 
100 107 147 37 64 82 28 254 305 20 211 262 24 86 133 55 50 72 44 
250 143 183 28 83 107 29 314 373 19 251 313 25 112 157 40 60 82 37 
500 233 273 17 115 137 19 439 528 20 315 411 30 178 221 24 n 99 29 
CLUSTER I: 4 No Backs 
Sanitation 13)14 FAR EAST AFRICA INDIA 
High Land Cost % Low Land Cost % Hi9h Land Cost % Low Land Cost 
' 
High Land Cost % Low Land Cost % 
ODtlon No.)) 13 14 diff 13 14 diff 13 14 diff 13 14 diff 13 14 d!ff 13 14 d!ff 
Plot m2 
lOO 105 !58 50 69 92 33 271 320 18 231 282 22 81 140 73 50 78 56 
250 138 198 43 85 115 35 335 403 20 279 342 23 107 169 58 61 92 51 
500 221 300 36 124 162 31 490 577 18 377 458 21 173 238 38 81 114 41 
~.::s --- --~- .. _,. __ -_.,; 
1 
Power 13>15 FAR EAST 
Hi9h Land Cost I Low Land Cost I 
Ootion No.)) 13 15 diff 13 15 diff 
Plot m2 
100 105 104 ·1 69 70 1 
250 
500 
Drain 13>26 
138 137 
221 230 
High Land Cost 
. Ootion No.)) 13 26 
Plot m2 
100 105 94 
250 138 121 
500 221 199 
Sanitetion 13>16 
Power 
High Lend Cost 
Ootion No.)) 13 16 
Plot m2 
100 105 157 
250 138 198 
500 221 299 
Drain 13)28 
Power 
High Land Cost 
Ootion No.)) 13 28 
Plot m2 
100 105 90 
250 138 116 
500 221 195 
_ .....,- ;__ ~ --
- .. l-' ... ~.:.! .- --· ."" ·-. .,..., 
·1 
4 
85 90 6 
124 125 1 
FAR EAST 
' 
Low Land Cost 
' diff 13 26 diff 
·10 69 .. 63 ·9 
·12 85 75 ·12 
·10 124 105 ·15 
FAR EAST 
' 
Low Land Cost 
' diff 13 16 diff 
50 69 92 33 
43 85 116 36 
35 124 163 31 
FAR EAST 
' 
Low Land Cost I 
diff 13 28 diff 
·14 69 63 -9 
·16 85 76 ·11 
·12 124 105 ·15 
Total BMJel cost oer olot USI 
AFRICA 
High Lend Cost I Low Land Cost I 
13 15 diff 13 15 diff 
271 270 0 231 233 1 
335 334 0 279 280 0 
490 489 0 377 379 1 
AFRICA 
High Land Cost I Low Land Cost I 
13 26 diff 13 26 dill 
271 243 ·10 231 210 ·9 
335 293 ·13 279 245 -12 
490 403 ·18 377 301 ·20 
AFRICA 
High Land Cost I Low Land Cost I 
13 16 diff 13 16 diff 
271 324 20 231 282 22 
335 402 20 279 342 23 
490 516 5 377 459 22 
AFRICA 
High Land Cost I 
13 
271 
335 
490 
28 diff 
238 ·12 
288 ·14 
398 ·19 
-.-- .. _,.... _ 
· .. -·-·. ~ 
Low Land Cost I 
13 28 diff 
231 210 ·9 
279 235 ·16 
377 300 ·20 
INDIA 
High Land Cost I Low Land Cost I 
13 15 diff 13 15 diff 
81 81 0 50 51 2 
107 106 ·1 61 62 2 
173 175 1 81 85 5 
INDIA 
High Land Cost I Low Land Cost I 
13 26 diff 13 26 diff 
81 70 ·14 50 43 ·14 
107 90 ·16 61 51 ·16 
173 149 ·14 81 65 ·20 
INDIA 
High Land Cost I Low Land Cost I 
13 16 diff 13 16 dlff 
81 140 73 50 79 58 
107 168 57 61 93 52 
173 237 37 81 116 43 
INDIA 
High Land Cost 
' 
Low Latld Cost I 
13 28 diff 13 28 diff 
81 68 ·16 50 43 ·14 
107 87 ·19 61 52 ·15 
173 144 ·17 81 66 ·19 
. -· -~. ,, ........... ~ ..... :~-:·.~:-~~~-.~~·s.~v:c~·-·;:~· ·:: .. 
.. - '·: ~: 
Total am.Jlll cost oer olot USI ·. ·,· 
Drain 13)27 FAR EAST AFRICA !Ml!A 
Sanitation 
High Land Cost 
' 
Low Land Cost 
' 
High Land Cost ' Low Land Cost ' High Land CQst ' Low Land Cost 
' Oot!on No.)) 13 27 d!fl 13 27 dill 13 27 dill 13 27 dill 13 27 difl . 13 27 dill 
Plot 12 
100 105 147 40 69 85 23 271 297 10 231 259 12 81 129 59 50 71 42 
250 138 181 31 85 105 24 335 362 8 279 308 10 107 151 41 61 81 33 
500 221 271 23 124 143 15 490 510 4 3n 402 7 173 213 23 81 98 21 
Drain 13)29 FAR EAST AFRICA !Ml!A 
Sanitation 
Power 
High Land Cost 
' 
Low Land Cost ' High Land Cost ' Low Land Cost ' High Land Cost ' Low Land Cost ' 
Oot!on No.)) 13 29 dill 13 29 dill 13 29 difl 13 29 diff 13 29 d!fl 13 29 dilf 
Plot m2 
100 105 143 36 69 85 23 271 292 8 231 258 12 81 127 57 50 n 44 
250 138 177 28 85 106 25 335 356 6 279 307 10 107 148 38 61 82 34 
500 221 264 19 124 143 15 490 503 3 3n 402 7 173 208 20 81 100 23 
, r -·•···~ 
LINEAR 1:1 Baeks Tot8l I!IYM!l cost oer olot USI 
Smlit8tion 1)5 FAR EAST AFRICA It.OIA 
High L!lnd Cost 
' 
L011 Ll!l'ld Cost l High Lend Cost l LOll l.lJid Cost l High l.lJid Cost l L011 l.lJid Cost l 
Ootion No.)) 1 5 diff I 5 dlff I 5 diff I 5 diff I 5 diff I 5 diff 
Plot 12 
JO 66 120 82 
" 
66 50 165 265 61 139 2JO 65 61 126 107 39 72 85 
50 76 135 78 48 75 56 187 294 57 153 252 65 71 140 97 43 79 84 
75 87 147 69 54 81 50 207 322 56 165 272 65 80 150 88 46 82 78 
100 97 160 65 56 88 57 225 317 41 177 289 63 89 160 80 49 87 78 
250 136 207 52 76 114 50 298 451 51 223 365 64 124 203 . 64 63 107 70 
500 232 327 41 106 166 57 453 676 49 298 508 70 211 J04 
" 
84 140 67 
Power !HO FAR EAST AFRICA INDIA 
Hi (Jh Land Cost 
' 
low Land Cost 
' 
High Land Cost l Low Land Cost l High Land Cost l LOll Ll!l'ld Cost 
' Ootion No.>> 1 10 diff 1 10 diff 1 10 diff 1 10 diff 1 10 diff 1 10 diff 
Plot m2 
30 66 64 -3 
" 
45 2 165 164 -1 139 140 61 60 -2 39 41 5 
50 76 74 -3 48 49 2 187 185 -1 153 154 1 71 70 -1 43 45 5 
75 87 85 -2 54 54 ~ 0 207 205 -I 165 167 1 80 79 -1 46 48 4 
100 97 95 -2 56 58 4 225 224 0 177 179 1 89 89 0 49 53 8 
250 136 133 -2 76 78 3 298 297 0 223 227 2 124 124 0 63 68 8 
500 232 227 -2 106 109 3 453 450 -1 298 303 2 211 211 0 84 91 8 
Drain ll19 FAR EAST, AFRICA INDIA 
Hi(Jh Ll!nd Cost 
' 
L011 Land Cost 
' 
High Land Cost l Low Land Cost l High Land Cost l Low Land Cost l 
Ootion No. H 1 19 dift 1 19 diff 1 19 diff 1 19 dift 1 19 diff 1 19 dift 
Plot m2 
30 66 61 -8 44 40 -9 165 160 -3 139 134 -4 61 56 -8 39 34 -13 
50 76 70 -8 48 43 -10 187 180 -4 153 147 -4 71 66 -7 43 37 -14 
75 87 79 -9 54 47 -13 207 197 -5 165 157 -5 80 71 -11 46 38 -17 
100 97 88 -9 56 51 -9 225 214 -5 m 168 -5 89 78 -12 49 40 -18 
250 136 122 -10 76 64 -16 298 280 -6 223 208 -7 124 107 -14 63 48 -24 
500 232 214 -8 106 93 -12 453 433 -4 298 281 -6 211 189 -10 84 66 -21 
''••' 
Tote! 11MJ8l cost Der olot USI 
Sanitation 1)7 FAR EAST AFRICA ltll!A 
Power 
High land Cost 
' 
Low lend Cost 
' 
High land Cost ' Low Land Cost ' High land Cost ' low Land Cost ' 
Ootion No.)) 1 7 diff I 7 diff I 7 diff I 7 diff I 7 diff I 7 diff 
Plot 12 
30 66 119 80 44 67 52 165 262 59 139 231 66 61 124 103 39 73 87 
50 76 132 74 48 75 56 187 291 56 153 252 65 71 138 94 43 80 86 
75 87 146 68 54 81 50 207 330 59 165 283 72 80 149 86 46 85 85 
100 97 158 63 56 89 59 225 345 53 177 291 64 89 160 80 49 90 84 
250 136 207 52 76 117 54 298 449 51 223 369 65 124 244 97 63 112 78 
500 232 321 38 106 167 58 453 574 27 298 514 n 211 304 44 84 146 74 
Orein 1)20 FAR EAST AFRICA 1Nl lA 
Power 
High Land Cost 
' 
Low Land Cost ' High land Cost 
' 
low Land Cost t High Land Cost ' Low land Cost t 
Ootion No.)) 1 20 diff I 20 diff I 20 diff I 20 diff I 20 diff I 20 dlff 
Plot m2 
30 66 57 -14 
" 
41 -7 165 155 -6 139 135 -3 61 52 -15 39 36 -8 
50 76 64 -16 48 
" 
-8 187 173 -7 153 148 -3 71 59 -17 . 43 38 -12 
75 87 73 -16 54 48 -11 207 193 -7 165 162 -2 80 66 -18 46 40 -13 
100 97 80 -18 56 51 -9 225 205 -9 177 176 -I 89 n -19 49 43 -12 
250 136 110 -19 76 66 -13 298 415 39 223 211 -5 124 98 -21 63 53 -16 
500 232 197 -15 106 95 -10 453 501 11 298 281 -6 211 176 -17 84 72 -14 
Orain 1)23 FAR EAST AFRICA INDIA 
Sanitation 
Hi9h Land Cost 
' 
Low Land Cost t Hi9h Land Cost ' Low Land Cost 
' 
High Land Cost 
' 
Low Land Cost t 
Ootion No.)) 1 23 diff 1 23 diff 1 23 diff I 23 diff I 23 diff 1 23 diff 
Plot rn2 
30 66 110 67 44 58 32 165 245 48 139 213 53 61 115 89 39 63 62 
50 76 121 59 48 64 33 187 268 43 153 229 50 71 125 76 43 66 53 
75 87 132 52 54 66 22 207 291 41 165 244 48 80 133 66 46 69 50 
100 97 141 45 56 73 30 225 310 38 177 258 46 89 140 57 49 71 45 
250 136 180 32 76 91 20 298 394 32 223 315 41 124 172 39 63 82 30 
500 232 279 20 106 126 19 453 584 29 298 427 43 211 258 22 84 113 35 
Total amual cost oer olot USI 
Drain 1)25 FAR EAST AFRICA !~!A 
Sanitation 
Power 
High Land Cost 
' 
Low Land Cost ' High Land Cost ' Low Llllld Cost ' High Llllld Cost ' Low l.and Cost 
' Ootion No.)) 1 25 diff 1 25 diff 1 25 diff 1 25 diff 1 25 dlff 1 25 diff 
Plot 12 
30 66 107 62 44 59 34 165 240 45 139 214 54 61 112 84 39 64 64 
50 76 116 53 48 64 33 187 262 40 153 230 50 71 120 69 43 68 58 
75 87 125 
" 
54 69 28 207 283 37 165 246 49 80 128 60 46 72 57 
100 97 133 37 56 74 32 225 301 34 m 260 47 89 134 51 49 74 51 
250 136 167 23 76 92 21 298 380 28 223 318 43 124 163 31 63 87 38 
500 232 262 13 106 128 21 453 565 25 298 431 45 211 244 16 84 109 30 
L!NfAR 1:1 No Backs 
Sanitation 13>14 FAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost ' High Land Cost ' L011 Land Cost 
' 
High Land Cost ' Low Land Cost ' 
Ootion No.)) 13 14 diff 13 14 dill 13 14 diff 13 14 diff 13 14 diff 13 14 diff 
Plot 12 
100 90 141 57 60 80 33 225 312 39 189 270 43 79 140 77 48 79 65 
250 123 178 45 76 101 33 294 399 36 238 335 41 107 171 60 60 93 55 
500 221 283 28' 115 147 28 482 602 25 350 465 33 192 259 35 85 121 42 
Power 13>15 FAR EAST AFRICA INDIA 
High Land Cost 
' 
Low Land Cost ' High Land Cost ' Low Land Cost ' High Land Cost ' Low Land Cost ' 
Ootion No.)) 13 15 diff 13 15 dill 13 15 diff 13 15 dill 13 15 dill 13 15 dill 
Plot m2 
100 90 88 -2 60 61 2 225 225 0 189 192 2 79 79 0 48 52 8 
250 123 121 . -2 76 79 4 294 294 0 238 242 2 107 108 1 60 65 8 
500 221 218 -1 115 118 3 482 479 -1 350 355 1 192 192 0 85 91 7 
TotaliiiYIJ!Il cost oer olot USI 
Drain 13>26 FAR EAST AFRICA OOIA 
Hlil! Llllld Cost 
' 
Low Llllld Cost ' Hlilll.and Cost 
' 
Low Llllld Cost ' High Llll1d Cost ' Low Lend Cost ' 
Ootlon No.)) 13 26 dlff 13 26 diff 13 26 diff 13 26 dlff 13 26 diff 13 26 diff 
Plot 12 
100 90 81 ·10 60 52 ·13 225 206 ·8 189 169 ·11 79 70 ·11 48 40 ·17 
250 123 110 ·11 76 64 ·16 :m 262 -11 238 205 ·14 107 94 ·12 60 47 ·22 
500 221 195 ·12 115 90 ·22 482 383 ·21 350 265 ·24 192 170 ·11 85 64 ·25 
Sanitation 13l16 FAR EAST AFRICA 1Nl lA 
Power 
High Land Cost 
' 
Low Llll1d Cost ' Hiilll.and Cost 
' 
Low l.and Cost % High Land Cost % Low Llllld Cost 
' Ootlon No.)) 13 16 diff 13 16 dlff 13 16 diff 13 16 dlff 13 16 dlff 13 16 diff 
Plot 12 
100 90 138 53 60 81 35 225 311 38 189 272 44 79 140 77 48 82 71 
250 123 176 43 76 103 36 294 397 35 238 339 42 107 172 61 60 98 63 
500 221 280 27 115 150 30 482 599 24 350 471 35 192 259 35 85 128 SI 
Drain 13)28 FAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost 
' 
HiQh Land Cost % Low Land Cost 
' 
High Land Cost ' Low Land Cost 
' Ootion No.)) 13 28 diff 13 28 diff 13 28 diff 13 28 diff 13 28 diff 13 28 diff 
Plot m2 
100 90 73 ·19 60 52 ·13 225 197 ·12 189 171 ·10 79 64 -19 48 43 ·10 
250 123 98 ·20 76 65 ·14 294 248 ·16 238 208 ·13 107 85 ·21 60 52 ·13 
500 221 178 ·19 115 93 -19 482 375 ·22 350 271 -23 192 157 ·18 85 70 -18 
Drain 13)27 FAR EAST AFRICA 1Nl lA 
Sanitation 
High Land Cost 
' 
Low Land Cost ' HI Qh Land Cost ' Low Land Cost ' High Land Cost 
' 
Low Land Cost ' 
Ootion No.)) 13 27 diff 13 27 diff 13 27 diff 13 27 diff 13 27 diff 13 27 diff 
Plot m2 
lOO 90 132 47 60 72 20 225 292 30 189 249 32 79 131 66 48 70 46 
250 123 165 34 76 88 16 294 365 24 238 302 27 107 !58 48 60 81 35 
500 221 257 16 115 122 6 482 543 13 350 408 17 192 237 23 85 100 18 
Total~mJal cost oer olot USI 
Drain 13>29 FAR EAST AFRICA !till A 
Sanitation 
Power 
HlQh land Cost 
' 
low land Cost I High land Cost I low land Cost I High land Cost I low land Cost I 
Ootlon No. ) ) 13 29 dif! 13 29 dill 13 29 dill 13 29 dill 13 29 dill 13 29 dill 
Plot 12 
100 90 124 38 60 n 20 225 283 26 189 251 33 79 125 58 48 67 40 
250 123 !53 24 76 90 18 294 351 19 238 305 28 107 149 39 60 76 27 
500 221 240 9 115 124 8 482 524 9 350 412 18 192 224 17 85 92 8 
LINEAR 1:4 Backs 
Sanitation 1)5 FAR EAST AFRICA INDIA 
High land Cost I low land Cost I High Land Cost I low land Cost I High Land Cost I Low Land Cost I 
Ootion No.)> I 5 dill I 5 dill I 5 dill I 5 dill I 5 dill I 5 dill 
Plot m2 
30 52 104 100 38 59 55 142 230 62 125 206 65 48 111 131 34 70 106 
50 59 112 90 42 63 50 !55 250 61 133 221 66 54 118 119 37 75 103 
75 66 121 83 45 66 47 169 268 59 142 234 65 60 125 108 38 78 105 
100 n 128 78 48 71 48 180 284 58 !50 246 64 65 132 103 41 84 105 
250 96 160 67 51 89 75 227 350 54 181 294 62 87 !59 83 49 101 106 
500 ISO 226 51 78 119 53 316 482 53 227 382 68 134 216 61 61 129 Ill 
Power IHO FAR EAST AFRICA INDIA 
High land Cost I low land Cost I High land Cost I Low Land Cost I High land Cost I low Land Cost I 
Ootion No.)) I 10 dill I 10 diff I 10 dill 1 10 diff 1 10 dill I 10 dill 
Plot m2 
30 52 55 6 38 38 0 142 141 -I 125 126 I 48 47 -2 34 35 3 
50 59 58 -2 42 42 0 !55 153 -I 133 134 I 54 53 -2 37 38 3 
75 66 65 -2 45 46 2 169 168 -I 142 144 I 60 59 -2 38 40 5 
100 72 71 -I 48 49 2 180 179 -I ISO 151 I 65 65 0 41 42 2 
250 96 94 -2 51 52 2 227 227 0 181 184 2 87 87 0 49 52 6 
500 !50 148 -1 78 79 1 316 315 0 227 230 1 134 134 0 61 65 7 
Total annual cost oer olot USI 
Drain 1)19 FAR EAST AFRICA If{) IA 
High Land Cost \ Low Land Cost \ High Land Cost \ Low Land Cost \ High Land Cost \ Low Land Cost \ 
Ootion No.)) I 19 diff I 19 diff I 19 diff 19 diff 1 19 diff 1 19 diff 
Plot 12 
30 52 49 -6 38 36 -5 142 139 -2 125 122 -2 48 45 -6 34 31 -9 
50 59 56 -5 42 39 -7 155 150 -3 133 130 -2 54 50 -7 37 33 -11 
75 66 62 -6 45 42 -7 169 163 -4 142 138 -3 60 55 -8 38 34 -11 
100 n 67 -7 48 44 -8 180 173 -4 150 145 -3 65 59 -9 41 36 -12 
250 96 88 -8 51 47 -8 227 216 -5 181 tn -5 87 78 -10 49 42 -14 
500 150 141 -6 78 70 -10 316 301 -5 227 215 -5 134 122 -9 61 52 -15 
Sanitation D7 FAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost \ High Land Cost \ Low Land Cost \ Hi9h Land Cost \ Low Land Cost \ 
Ootion No.)) 1 7 dill 1 7 dill 1 7 dill 1 7 dill I 7 dill 1 7 dill 
Plot m2 
30 52 102 96 38 59 55 142 229 61 125 206 65 48 110 129 34 66 94 
50 59 111 88 42 63 50 155 248 60 133 221 66 54 118 119 37 70 89 
75 66 120 82 45 68 51 169 266 57 142 235 65 60 125 108 38 72 89 
100 72 127 76 48 72 50 180 283 57 !50 247 65 65 132 103 41 76 85 
250 96 !59 66 51 90 76 227 350 54 181 297 64 87 159 83 49 89 82 
500 !50 224 49 78 124 59 316 481 52 227 385 70 134 216 61 61 110 80 
Drain 1)20 FAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
low Land Cost % High Land Cost % Low Land Cost \ High Land Cost \ Low Land Cost \ 
Ootion No.)) 1 20 diff 1 20 diff 1 20 dill 1 20 dill 1 20 dlfl 1 20 dill 
Plot •2 
30 52 47 -10 38 36 -5 142 137 -4 125 123 -2 48 43 -10 34 32 -6 
50 59 53 -10 42 39 -7 !55 147 -5 133 130 -2 54 48 -11 37 34 -8 
75 66 58 -12 45 42 -7 169 !59 -6 142 139 -2 60 52 -13 38 36 -5 
100 72 63 -13 48 45 -6 180 168 -7 !50 145 -3 65 56 -14 41 37 -10 
250 96 82 -15 51 50 -2 227 210 -7 181 174 -4 87 57 -34 49 43 -12 
500 !50 132 -12 78 71 -9 316 292 -8 227 217 -4 134 74 -45 61 54 -11 
Total annual cost per Plot IJSI 
Drain 1>23 fill EAST AFRICA I NO IA 
Sllllitetion 
H!Qh Llllld Cost 
' 
L011 Lm Cost ' H!Qh Llllld Cost \ LOll Lend Cost \ H!Qh LMd Cost 
' 
LOll Lend Cost \ 
Ootion No. ll I 23 dlff I 23 dlff I 23 dlff I 23 dlff I 23 diff I 23 d!ff 
Plot 112 
30 52 97 87 38 53 39 142 218 54 125 195 56 48 104 117 34 59 74 
50 59 104 76 42 56 33 155 233 50 133 206 55 54 109 102 37 61 65 
75 66 Ill 68 45 59 31 169 247 46 142 215 51 60 114 90 38 63 66 
100 72 116 61 48 62 29 180 260 44 150 225 50 65 120 85 41 65 59 
250 96 142 48 51 74 45 227 311 38 181 262 45 87 141 62 49 73 49 
500 150 198 32 78 93 19 316 425 34 227 327 44 134 188 40 61 85 39 
Drain 1)25 FAR EAST AFRICA I NO IA 
Sanitation 
P011er 
HiQh Llllld Cost 
' 
LOll Land Cost \ High Land Cost \ Low Llllld Cost \ HiQh Llllld Cost \ LOll Land Cost \ 
OPtion No. ) ) I 25 dlff 1 25 diff I 25 diff I 25 diff 1 25 diff I 25 dlff 
Plot m2 
30 52 95 83 38 53 39 142 215 51 125 196 57 48 102 113 34 60 76 
50 59 101 71 42 57 36 155 229 48 133 206 55 54 107 98 37 62 68 
75 66 107 62 45 60 33 169 243 44 142 216 52 60 112 87 38 64 68 
100 72 113 57 48 63 31 180 255 42 150 225 50 65 117 80 41 66 61 
250 96 135 41 51 75 47 227 307 35 181 265 46 87 136 56 49 74 51 
500 150 189 26 78 96 23 316 415 31 227 332 46 134 181 35 61 87 43 
LINEIIl 1:4 No Backs 
Sanitation 13)14 FAR EAST AFRICA INOIA 
HiQh Land Cost 
' 
Low Land Cost 
' 
High Land Cost \ Low Land Cost \ High Land Cost \ Low Land Cost \ 
OPtion No.) l 13 14 diff 13 14 diff 13 14 diff 13 14 diff 13 14 diff 13 14 diff 
Plot m2 
100 69 116 68 48 66 38 187 263 41 163 234 44 60 120 100 41 69 68 
250 90 142 58 58 81 40 234 321 37 197 278 41 79 141 78 49 80 63 
500 144 201 40 82 93 13 340 479 41 264 356 35 124 189 52 62 95 53 
'.,., 
Tote! emus! cost t~er Dlot USI 
Power 13)15 fAR EAST AfRICA INDIA 
High L!rld Cost 
' 
Low L!rld Cost ' Hi9h Ll!lld Cost ' Low L!rld Cost ' High Land Cost \ Low Lend Cost 
' ODtion No.)) 13 15 diff 13 15 diff 13 15 diff 13 15 diff 13 15 diff 13 15 diff 
Plot m2 
100 69 69 0 48 51 6 187 182 -3 163 160 -2 60 60 0 41 42 2 
250 90 88 -2 sa 61 5 234 233 0 197 199 I 79 79 0 49 51 4 
500 144 133 -8 82 84 2 340 339 0 264 266 I 124 124 0 62 65 5 
Dnlin 13)26 fAR EAST AfRICA INDIA 
High Land Cost 
' 
Low Land Cost \ High Land Cost ' Low Land Cost \ High Land Cost \ Low Land Cost ' 
Ootion No.)) 13 26 diff 13 26 diff 13 26 diff 13 26 diff 13 26 diff 13 26 diff 
Plot m2 
100 69 65 -6 48 46 -4 187 173 -7 163 ISO -8 60 55 -8 41 36 -12 
250 90 82 -9 58 53 -9 234 210 -10 197 175 -11 79 71 -10 49 42 -14 
500 141 132 -8 82 71 -13 340 287 -16 264 214 -19 124 112 -10 62 51 -18 
Sanitation 13>16 fAR EAST AfRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost 
' 
HiQh Land Cost 
' 
Low Land Cost ' High Land Cost 
' 
Low Land Cost \ 
ODtion No.)) 13 16 diff 13 16 diff 13 16 diff 13 16 diff 13 16 diff 13 16 diff 
Plot m2 
100 69 116 68 48 67 40 187 263 41 163 235 44 60 120 100 41 71 73 
250 90 140 56 58 82 41 234 320 37 197 280 42 79 140 77 49 82 67 
500 144 199 38 82 110 34 340 438 29 264 360 36 124 189 52 62 98 58 
Drain 13>28 fAR EAST AFRICA INDIA 
Power 
High Land Cost 
' 
Low Land Cost \ High Land Cost % Low Land Cost \ High Land Cost 
' 
Low Land Cost \ 
0Dtion No.)) 13 28 diff 13 28 diff 13 28 diff 13 28 diff 13 28 diff 13 28 diff 
Plot m2 
100 69 61 -12 48 47 -2 187 168 -10 163 150 -8 60 52 -13 41 37 -10 
250 90 76 -16 58 54 -7 234 203 -13 197 176 -11 79 65 -18 49 43 -12 
500 144 122 -15 82 72 -12 340 277 -19 264 215 -19 124 115 -7 62 54 -13 
Total amual cost oer olot USI 
Drain 13)27 FAR EAST AFRICA 
SMitat!on 
High land Cost % low land Cost ' High land Cost % low land Cost % 
Oot!on No.)) 13 27 diff 13 27 diff 13 27 diff 13 27 diff 
Plot 12 
100 
250 
500 
Drain 13)29 
Sanitation 
Power 
69 112 
90 134 
144 187 
High land Cost 
Ootlon No.» 13 29 
Plot m2 
100 69 108 
2SO 90 128 
soo 144 178 
·:. .. . :-..:' 
62 48 63 
49 58 75 
30 82 97 
FAR EAST 
31 
29 
18 
' 
low land Cost % 
diff 13 29 ditf 
57 48 63 31 
42 58 76 31 
24 82 97 18 
187 249 
234 297 
340 401 
33 163 220 
27 197 256 
18 264 321 
AFRICA 
35 
30 
22 
High land Cost % low land Cost % 
13 29 diff 
187 244 
234 290 
340 391 
,-·-.~..; .--.--. 
- ::- --.' .. 
30 
24 
IS 
13 29 diff 
163 221 36 
197 2S7 30 
264 322 22 
INJIA 
High land Cost % low land Cost % 
13 27 diff . 13 27 diff 
60 115 
79 132 
124 176 
92 41 65 
67 49 74 
42 62 84 
INDIA 
59 
51 
35 
High land Cost % low land Cost % 
13 29 diff 13 29 di ff 
60 Ill 85 41 66 61 
79 127 61 49 74 SI 
124 169 36 62 87 40 
APPENDIX B 
.................................................... 
• INFRASTRUCTURE COST MODEL FOR URBAN LOW • 
• INCOME HOUSING IN LESS DEVELOPED COUNTRIES • 
.................................................... 
-~-----------------------------------------------~-----------------------~--------- --------------
# .............. 
.............. # • ROADS DATA • 
"INPUT DATA • LAYOUT # .............. ANNUAL 
......... u ••• 
------------- # MAINTAINANCE 
# SURFACE TYPE RATE (/sq. m) FACTOR 
SIZES:· NUMBER OF PLOT 40 # 
PLOT AREA 75 # 
PLOT RATIO ( 1 :) 4.00 # 1. EARTH 8.75 0.100 ANNUAL M".INTAINANCE FACTORS:-
# 2.GRAVEL 21.25 0.050 --------------------------
ACCESS WIDTHS:- INTERNA 5.00 # 3. BITUM N 49.25 0.050 INTERNA - 0.050 
---------···· EXTERNA 5.00 # 4.CONCRETE 104.25 0.005 EXTERNA - 0.050 
BACKS(I) 1.00 # 5.PAVING 50.00 0.010 BACKS(I) - 0.100 
BACKS(C 0.00 # BACKS(C - 0.010 
# 
OPTIONS:- POWER 1 # 
SANITATION 1 # 
SOAKPIT 0 # --------------------· 
DRAINAGE- INTERNA 1 # #ROAD REPLACEMENT DATA# 
EXTERNA 1 # -----------------
BACKS(I) 0 # 
BACKS(C 0 # 
ROADS- INTERNA 3 # ACCESS TYPE :- INTERNAL EXTERNAL BACKS 
EXTERNA 3 # 
BACKS(I) 1 # 
BACKS(C 0 # SURFACE TYPE 
# 
FINANCIAL # 
VARIABL LAND COST 1000 # 1. EARTH 100% every 5 years 100% every 5 years 100"/oevery 5years 
DISCOUNT RATE 0.05 # 2GRAVE 500/o every 5 years 100% every 5 years 50% every 5 years 
PROJECTTERM 20 # 100% every 15 years 100%every_15years 
EXCHANGE RATE 18.61 # 3.BITUMEN 25% every 5 years 25% every 5 years ........... 
INFLATION FACTO 1.823 # 85% every 15 years 85% evef}' 15 years ........... 
# 4.CONCRETE 100% every 30 years 100% every 30 years 100% every 30 years 
# 5. PAVING 100% every 30 years 100% every 30 years 100% every 30 years 
# 
-----------·-------------------------~---·-- # 
............... [REPLACEMENT FACTORS FOR REPlACEMEf'.IT COST CALC\)lATIONS [ 
'COSTS TABLE' 
............... 
REPlACEMEf'.ITS REQUIRED:- REP. 1. -100%eve!}' 5years 
N:P.V. 
REP. 2. - 50"/o eve!}' 5 years and 
N.P.V. NP.V. 1 OOo/o 01/ef}' 15 years 
SERVICE CAPITAL CAPITAL MAINTNC REP'MEN TOTAL REP. 3. - 25% every 5 years and 
85% every 15 years 
SERVICE lAND- 8746 REP. 4.- 100% every 30 years 
DRAINAG - INT 9526 9073 3346 12418 
EXT. 8418 8017 1626 9643 
BACKS 953 907 4965 5872 PRESENT 
PROJEC WORTH 
ROADS ·INT. 21326 20310 13288 18179 51778 LIFE FACTO REP.1 REP.2 REP.3 REP.4 
EXT 10365 9871 6458 8836 25165 
BACKS(I) 758 722 944 1709 3375 
BACKS(C 0 0 0 0 0 5 0.784 0.784 0.392 0.196 0.000 
10 0.614 1.397 0.699 0.349 0.000 
SANITATION- 45588 43417 28406 71823 15 0.481 1.878 1.180 0.758 0.000 
SEWAGETREATME 34200 32571 5483 38055 20 0.377 2.255 1.358 0.852 0.000 
WATER- 13928 13265 8679 21944 25 0.295 2.551 1.516 0.926 0.000 
WATER OPERATION 119637 30 0.231 2.782 1.747 1.123 0.231 
POWER· 5854 5576 730 6305 35 0.181 2.963 1.838 1.168 0.231 
SOLID WASTE· 952 40 0.142 3.105 1.909 1.204 0.231 
. TEMP. lATRINES- 3810 45 0.111 3.217 2.020 1.298 0.231 
SOAKPIT · 0 0 0 0 50 0087 3.304 2.064 1.320 0.231 
55 0.068 3.372 2.098 1.337 0.231 
GRAND TOTAL 379524 60 0.054 3.426 2.151 1.383 0.285 
................ 
'COSTSUIJMAAV' 
................ 
PflO..I FCT COST (I O<'.al anrency) 
PIIO.Jl.CI COSr ( l)ollclls j 
COS I PE A I lOUSE HOLD (local) 
COS I PEA fiOUSEIIOl D I Drnlars) 
'AREA CAI CUlA liONS ' 
IIIONIAG 
DrPTII 
4.33 
17.32 
lENGTH 
ROADS:-
INTERNAl 86.60 
EXTERNA 42.09 
BACKS(!) 86.60 
BACKS(C) 21.05 
DRAINS:-
INTFRNAI 8660 
FXIfRNA 4?..09 
llACKS(I) 86.60 
BACKS(C) 0.00 
POWER:- 86.60 
PRit.MRY lEVEl :-
• 
• 
• 
. .............. 
• 'DRAINS DATA' 
• 
.. ............. 
379524 • 
37177 • DRAIN WIDTHS:- UNIT COSTS:-
• PLOT SIZE EARTH LINED EARTH liNED 
• 761 • 75 # < 31 500 200 11 100 
• <51 600 250 15 110 
• < 76 700 250 18 110 
• < 101 600 300 23 120 
• 101+ 1000 500 29 200 
• 
• 11···············-··-··-·······-·········---- ----·-------·--·-·················-····················---·----·-·· 
I Frontage ''2 "' 18.75 1 
WIDTH AREA 
5.00 433.01 
5.00 210.46 EARTH 700 I UNIT COST- 18 
1.00 86.60 liNED 250 I UNIT COST- 110 
0.00 0.00 
0.25 21.65 
0.50 21.05 
0.50 43.30 
0.00 000 
0.95 82.27 
20.00 
2 
TOTAl SERVICE AREA· 918.34 M 
------·-············----········ 
REPLACEMENT FACTORS:- 2.255 1.368 0.852 0.000 
................ 
~----·---------
• COST SUMMARY • 
................ 
... 
COST PER 
SERVICE TOTAL COST HOUSEHOLD PERCENTAGE 
...................... 
SERVICE LAND 8746 18 2.3 • DRAINS COSTS TABLE • 
DRAINAGE 27934 56 7.4 ........... u .......... 
ROADS 80318 161 21.2 
SANITATION 71823 144 18.9 
SEWERAGE 38055 76 10.0 
WATER 21944 44 5.8 CAPITAL MAINTAINANCE 
WATER OPERATION 119637 240 31.5 DRAIN UNIT COST UNIT COST 
POWER 6305 13 1.7 
SOLID WASTE 952 2 0.3 
TEMP LARTINES 3810 8 1.0 INTERNAL 110.00 3.10 
SOAKPIT 0 0 0.0 EXTERNAL 200.00 3.10 
BACKS(I) 11.00 4.60 
BACKS(C) 0.00 4.60 
GRAND TOTAL 379524 761 100.0 
PRESENT WORTH FACTOR • 0.377 
GRAND TOTAL($) 37177 75 CAPITAL RECOVERY FACTOR· 0.080 
:------------------------------------------------
• 
Far Bast Component Unit Costs US$ 1985 
SERVICE COMPONENT UNIT 
SECTOR DESCRIPTION 
Earth } full depth m2 
Surface Dress' } construct' m2 
ROADS & Paving } m2 
ACCESS O&M Earth % 
Surface Dress' % 
Paving % 
Pit Latrine (Pit only) No. 
Soakpit (Pit and connection) No. 
Sewers 
100 dia. m 
200 dia. m 
Manholes No. 
SANITATION House connection No. 
O&M 
RATE 
0.86 
4.82 
4.90 
10 
5 
1 
112.65 
44.08 
6.37 
23.02 
161.63 
46.53 
Pit Latrine 
Soakpit 
Sewers 
% 1 
DRAINAGE 
Sewage Treatment 
Stabilisation Ponds 
Low land cost 
High land cost 
Earth 500mm wide 
600 
700 
800 
1000 
Lined 200 
O&M 
250 
300 
500 
Earth 
Lined 
APPENDIX B.1 Unit Costs for Far East 
% 1 
% 5 
cost/plot 83.75 
cost/plot 482.05 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
1. 08 
1.47 
1. 76 
2.25 
2.84 
9.80 
10.78 
11.75 
19.59 
0.45 
0.30 
(Roads & Access, Sanitation, Drainage) 
SERVICE 
SECTOR 
WATER 
SUPPLY 
POWER 
SUPPLY 
Land Costs 
COMPONENT 
DESCRIPTION 
Pipework 100rnm dia. 
200 
Valves 100rnm dia. 
200 
Watermeter 
Public standpost 
House connection 
O&M 
Standpost 
House Connection 
Cost of Water 
Standpost 
House connection 
0/H Lines (single phase) 
Distribution Poles 
U/G cables 
100kVA Transformer 
Street Lights 
O&M 
0/H lines 
U/G cables 
High- US$19.60 
Low - US$0.98 
UNIT 
m 
m 
No. 
No. 
No. 
No. 
No. 
% 
% 
year 
year 
m 
No. 
m 
No. 
No. 
% 
% 
APPENDIX B.1 Contd. Unit Costs for Far East 
(Water and Power supply) 
RATE 
13.62 
42.32 
303.67 
942.36 
523.68 
220.41 
17.14 
10 
5 
11.75 
23.50 
2.70 
195.92 
17.24 
3480.00 
9.80 
1.0 
0.5 
Africa Component Unit Costs US$ 1985 
SERVICE COMPONENT UNIT 
SECTOR DESCRIPTION 
Earth } full depth m2 
Surface Dress' } construct' m2 
ROADS & Paving } m2 
ACCESS O&M Earth % 
Surface Dress' % 
Paving % 
Pit Latrine (Pit only) No. 
Soakpit (Pit and connection) No. 
Sewers 
100 dia. m 
200 dia. m 
Manholes No. 
SANITATION House connection No. 
O&M 
RATE 
1. 68 
13.65 
13.65 
10 
5 
1 
382.31 
.121.14 
14.24 
50.97 
117.84 
258.62 
Pit Latrine 
Soakpit 
Sewers 
% 1 
DRAINAGE 
Sewage Treatment 
Stabilisation Ponds 
Low land cost 
High land cost 
Earth 500mm wide 
600 
700 
800 
1000 
Lined 200 
O&M 
250 
300 
500 
Earth 
Lined 
APPENDIX B.2 Unit Costs for Africa 
% 1 
% 5 
cost/plot 146.46 
cost/plot 220.29 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
3.00 
4.05 
4.95 
6.45 
7.95 
21.56 
23.69 
25.79 
43.03 
1.17 
0.78 
(Roads & Access, Sanitation, Drainage) 
SERVICE 
SECTOR 
WATER 
SUPPLY 
POWER 
SUPPLY 
Land Costs 
COMPONENT 
DESCRIPTION 
Pipework 10 Orrun dia. 
200 
Valves 100min dia. 
200 
Watermeter 
Public standpost 
House connection 
O&M 
Standpost 
House Connection 
Cost of Water 
Standpost 
House connection 
0/H Lines (single phase) 
Distribution Poles 
U/G cables 
100kVA Transformer 
Street Lights 
O&M 
0/H lines 
U/G cables 
High - US$24.29 
Low - US$1.21 
UNIT 
m 
m 
No. 
No. 
No. 
No. 
No. 
% 
% 
year 
year 
m 
No. 
m 
No. 
No. 
% 
% 
APPENDIX B.2 Contd. Unit Costs for Africa 
(Water and Power supply) 
RATE 
23.40 
50.97 
500.44 
1440.78 
680.68 
712.14 
277.36 
10 
5 
29.98 
59.97 
24.29 
173.92 
52.62 
9009.00 
15.80 
1.0 
0.5 
India Component Unit Costs US$ 1985 
SERVICE COMPONENT UNIT 
SECTOR DESCRIPTION 
Earth } full depth m2 
Surface Dress' } construct' m2 
ROADS & Paving } m2 
ACCESS O&M Earth % 
Surface Dress' % 
Paving % 
Pit Latrine (Pit only) No. 
Soakpit (Pit and connection) No. 
Sewers 
100 dia. m 
200 dia. m 
Manholes No. 
SANITATION House connection No. 
O&M 
RATE 
0.29 
2.03 
2. 03 
10 
5 
1 
27.23 
12.62 
7.18 
16.65 
11.30 
28.67 
Pit Latrine 
Soakpit 
Sewers 
% 1 
DRAINAGE 
Sewage Treatment 
Stabilisation Ponds 
Low land cost 
High land cost 
Earth 500mm wide 
600 
700 
800 
1000 
Lined 200 
O&M 
250 
300 
500 
Earth 
Lined 
APPENDIX B.3 Unit Costs for India 
% 1 
% 5 
cost/plot 84.03 
cost/plot 487.54 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
0.25 
0.33 
0.41 
0.53 
0.66 
4.63 
5.07 
5.57 
9.26 
0.92 
0.61 
(Roads & Access, Sanitation, Drainage) 
SERVICE 
SECTOR 
WATER 
SUPPLY 
POWER 
SUPPLY 
Land Costs 
COMPONENT 
DESCRIPTION 
Pipework 100rnm dia. 
200 
Valves 100rnm dia. 
200 
Watermeter 
Public standpost 
House connection 
O&M 
Standpost 
House Connection 
Cost of Water 
Standpost 
House connection 
0/H Lines (single phase) 
Distribution Poles 
U/G cables 
100kVA Transformer 
Street Lights 
O&M 
0/H lines 
U/G cables 
High- US$19.85 
Low - US$0.99 
UNIT 
m 
m 
No. 
No. 
No. 
No. 
No. 
% 
% 
year 
year 
m 
No. 
m 
No. 
No. 
% 
% 
APPENDIX B.3 Contd. Unit Costs for India 
(Water and Power supply) 
RATE 
10.65 
33.08 
236.68 
710.11 
505.68 
66.16 
30.32 
10 
5 
17.64 
35.28 
5.51 
208.92 
22.05 
2712.78 
19.70 
1.0 
0.5 

